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Recent studies have indicated that experi- 
mental venous thrombi in the rabbit(1), and 
arterial thrombi in the dog(2) can be success- 
fully liquefied im vivo by the intravenous 
administration oi plasminogen activators.+ 
Activation of animal plasminogen was carried 
out in the above studies by large amounts of 
streptokinase (SK). In addition, in the dog, 
plasminogen activation was carried out by in- 
jections of a mixture of small amounts of SK 
and a partially purified human plasminogen 
preparation(2). This latter method was based 
on the observation that the activation of ani- 
mal plasminogen by SK was markedly facili- 
tated by the presence of small amounts of 
human plasminogen preparations(5).S 

The purpose of this report is to present evi- 
dence that, in dogs with an experimental 


* Aided by grants from the National Institute of 
Arthritis and Metabolic Disease, National Institutes of 
Health, U. S. Public Health Service, and Lederle 
Laboratories Division, American Cyanamid Co. 

+ Present address: Division of Medical Services, 
Jewish Hospital, St. Louis. 

¢ Plasminogen refers to the naturally occurring pre- 
cursor of plasmin, the proteolytic enzyme of mam- 
malian plasma(3). Other terminology, in current 
use, includes profibrinolysin for the precursor and 
fibrinolysin for the active enzyme(4). 

§ While 200 units of SK per ml of dog plasma was 
required to activate significant amounts of plas- 
minogen, the addition of minute amounts of human 
plasminogen preparations to dog plasma reduced the 
SK requirement to approximately 20 units per ml 
of dog plasma(2). 


traumatic peritonitis, intravenous injection of 
large amounts of streptokinase alone, or of a 
mixture of small amounts of SK and a human 
plasminogen preparation was capable of pre- 
venting or modifying the production of post- 
operative abdominal adhesions. 


Materials and methods. Sixty-three mon- 
grel dogs weighing from 10 to 15 kg were used 
in these experiments. A traumatic hemor- 
rhagic fibrinous peritonitis was produced by 
scarifying a 2 x 2 inch area of peritoneal wall 
with a vegetable grater according to the tech- 
nic of Wright and associates(6). Immediately 
following surgery, each animal was injected 
intramuscularly with 1,000,000 units of a long 
acting penicillin (Bicillin®). The animals 
were divided into 3 groups: 23 controls, 32 
animals injected intravenously with SK! 
alone; and 8 animals injected intravenously 
with a mixture containing 25,000 units of SK 
and 60 mg of a partially purified human plas- 
minogen preparation. Of the animals receiv- 


|| A commercial preparation (Varidase) Lot No. 
7-1089-413, containing streptokinase and strepto- 
dornase, and obtained through the courtesy of Dr. 
J. M. Ruegsegger of Lederle Laboratories. This 
preparation also contains streptococcal hyaluronidase 
as well as other contaminating substances. 

§.A lyophilized human plasminogen preparation 
prepared from human plasma Fraction III (Cohn) 
by the Christensen and Smith technic(7). The prep- 
aration contained 4% nitrogen and had a proteolytic 
streptokinase activation, of 4.2 


assay, following 


casein units per mg nitrogen(8). 
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TABLE I. Summary of Results of I.V. Plasminogen Activators on Prevention of Postoperative 
, Adhesions in Dogs. 
ee — eee 
Results* t 


No. with No. with 
dense moderate No. with 
Animals No. of dogs adhesions adhesions no adhesions 
Controls 23 19 4 0 
SK alone—total group 32 10 5 iy 
400,000 u. od x 6 2 J 1 0 
300,000 u. bid x 2 7 = y 3 
300,000 u. bid x 3 12 5 : 5 
400,000 u. bid x 3 1] 0 2 9 
SK + human plasminogen prep.+ 8 0 6 2 


* Classified according to thickness, firmness of adherence, and extent of adhesions as fol- 
lows: Dense—thick, firmly adherent and covering entire area of abrasion. Moderate—thin, 
more loosely adherent, and scattered. None—oceasional filmy to no adhesions. : 

+ Dividing the entire data into 2 classes (i.e., adhesions vs. no adhesions) and employing the 
chi square test (R. x 2 table; using Yates’ correction) statistical analysis showed a highly 
significant difference between all treatment groups together as compared to the control animals 
(P less than .01). : ; 

Because it was believed that a trend was present relating SK dosage to suppression of ad- 
hesion formation, chi square testing of the controls against the combined 3 lower daily dose 
levels and against the highest daily dose level was carried out. Results indicated that the first 
3 treatment groups combined, differed from the control in a manner to which little significance 
could be ascribed (P — 0.05). The last treatment group however showed a highly significant 
difference from the control (P less than .001). 

The authors are indebted to Dr. Stanley Lang for the statistical treatment of the data. 


$ Injection mixture contained 25,000 u. SK and 60 mg of partially purified human plasmino- 


gen preparation. 


ing SK alone, 2 were given a single injection 
of 400,000 units of SK daily for 6 days; 7 re- 
ceived 300,000 units twice daily for 2 days; 
12 were injected with 300,000 units twice 
daily for 3 days; and 11 were given 400,000 
units twice daily for 3 days. The animals 
receiving the activation mixture of SK plus 
the human plasminogen preparation were 
given single daily injections for 3 days. 
Treatment with the plasminogen activators 
was begun on the first postoperative day. 
Venous specimens of whole blood were ob- 
tained just prior to and 10 minutes following 
each injection of the plasminogen activator. 
The specimens were incubated at 37°C in a 
water bath and observed for clotting and 
subsequent lysis of the clot. The animals 
were sacrificed 12 days postoperatively and 
the extent and nature of the adhesions were 
noted. Specimens of the traumatized site, 
heart, lungs, kidneys, liver and spleen were 
taken for histological study. 

Results. A summary of the results is shown 
in Table I. All of the 23 control animals de- 
veloped adhesions, dense in 19, and moderate 
in 4. In the group of 32 animals receiving 


SK alone, 17, or approximately half, developed 
no adhesions, 5 had moderate, and 10 had 
dense adhesions. The prevention of adhesions 
was related to the daily dose of SK rather 
than the duration of treatment, with the best 
results occurring with the highest dose level 
of SK. Nine of 11 animals, receiving 400,000 
units twice daily for 3 days, did not develop 
any adhesions. In the group of 8 animals 
receiving the mixture of 60 mg of the par- 
tially purified human plasminogen prepara- 
tion and 25,000 units of SK, 2 did not de- 
velop adhesions, and the other 6 developed 
moderate adhesions. None of the animals of 
this latter group exhibited dense adhesions. 
In order to define more clearly the effect of 
I.V. streptokinase on the peritoneal exudate, 
3 control animals, and 3 animals receiving 
400,000 units SK bid for 3 days, were sacri- 
ficed on the fifth postoperative day and the 
abraded sites examined histologically. Each 
of the control animals showed an extensive 
fibrinous exudate with evidence of rapidly de- 
veloping organization. The exudate in each 
of the SK-treated animals was minimal with 
little evidence of organization. The striking 
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FIG. 1. Effect of I.V. SK on experimental traumatic peritonitis in the dog (see text). 


Speci- 


mens taken from abraded area on 5th postoperative day. A. Control animal. Note thick organ- 
izing granulation tissue adjacent to striated muscle fibers in cross section with penetration 


between muscle bundles (magnification 67 x). 


B. SK treated animal. Thin layer of granula- 


tion tissue with little evidence of organization (same magnification). 


histological difference in a control as com- 
pared to an SK-treated animal is shown in 
Fig. 1. 

Each of the blood specimens removed 
prior to the injection of the activators clotted 
and did not significantly lyse over an observa- 
tion period of 48 hours. Following the injec- 
tion of SK alone, the blood clotted normally 
and subsequently lysed completely in from one 
to 4 hours.** Following injection of the mix- 
ture of SK and the human plasminogen prep- 
aration, the blood either did not clot, or the 
clot was poorly formed and rapidly lysed over 
the next 30 minutes. In several instances, 
determinations were made of plasma fibrino- 
gen, plasminogen, and circulating proteolytic 
activity, with results similar to those pre- 
viously reported with these 2 methods of plas- 
minogen activation(2). 

A finding of interest observed in the animals 
receiving SK alone related to the laparotomy 
wound. Preliminary studies revealed a high 
incidence of wound dehiscence in animals re- 


oe Lysis times of 1-2 hours were observed after 
the injection of 400,000 units of SK and 3-4 hours 
after the injection of 300,000 units of SK. 


ceiving large doses of SK alone (300,000 units 
bid). The dehiscence was attributed to an 
accelerated resorption of the catgut sutures. 
With the use of silk sutures, as utilized in the 
studies reported, no wound dehiscence was 
noted. However, in the animals treated with 
the largest daily dose of SK alone (400,000 
units bid), fresh hemorrhage into the in- 
cisional wound was observed during the 3 days 
of SK therapy. Following the cessation of 
SK administration, the hemorrhage rapidly re- 
sorbed. At the time of final exploration, the 
wounds were well healed and did not differ 
from the control wounds. 

No other significant toxic manifestations 
were noted in any of the animals. All the 
animals survived the total observation period. 
Studies of the sections of heart, lung, kidney 
and liver were not remarkable.tt In the ma- 
jority of the animals, sections of the spleen 
revealed passive congestion but the presence 
of congestion was independent of treatment. 

Discussion. The prevention of postopera- 


+t We are indebted to Dr. Philip Wasserman, De- 
partment of Clinical Laboratories, Jewish Hospital 
ot Cincinnati, for these studies. 
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tive abdominal adhesions in many of the ani- 
mals receiving the intravenous injection of 
plasminogen activators probably indicates a 
lysis of the traumatic inflammatory exudate. 
It is highly unlikely that the effects of the 
plasminogen activators can be entirely attrib- 
uted to a lack of formation of a fibrinous exu- 
date since therapy was not instituted for a full 
day following trauma. The presence of in- 
creased capillary permeability in the traumatic 
area may account for the appearance of plas- 
min or of SK at the site of exudation. Al- 
though the streptokinase preparation con- 
tained streptodornase and streptococcal hyalu- 
ronidase, both of which may contribute to the 
lysis and resorption of the exudate, we have 
stressed the fibrinolytic system since fibrin is 
the major insoluble component of the experi- 
mental exudate in this study. 

The differences observed with the 2 types 
of activators used in this study, and the special 
fibrinolytic activity seen after 7m vivo injec- 
tions of SK alone, have been previously noted 
(2). Recent studies indicate that the mixture 
of SK plus the human plasminogen prepara- 
tion supplies the activator for the animal 
plasminogen(5,9). The special fibrinolytic 
effects seen with large doses of SK alone are 
related to the adsorption of SK on fibrin, and 
the ability of SK to suppress antiplasmin ac- 


tivity(10). The resultant of these latter 
phenomena is to provide an “inhibitor free” 
fibrin for the action of activated plasmin(10). 

Conclusion. In dogs with an experimental 
traumatic peritonitis, the intravenous injec- 
tion of streptokinase alone in large doses, or 
of a mixture of smaller amounts of SK plus a 
partially purified human plasminogen prepara- 
tion, prevented or modified the development 
of postoperative adhesions. 
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Plasma hexosamine levels increase in the 
rat following either thyroidectomy or hypo- 
physectomy(1). The cause appears to be a 
deficiency of thyroid hormone in both in- 
stances. Hexosamine is present in all plasma 
protein fractions but is richest in the globu- 


* The author wishes to thank Mr. Joseph B. Foley 
for his invaluable technical aid. 

+ Present address: Research Division, 
Hospital, Norwalk, Conn. 


Norwalk 


lins(2). Since globulins have been reported 
to be elevated in rats following thyroidectomy 
(3), electrophoretic studies were carried out 
to establish which protein fractions were re- 
sponsible for the plasma hexosamine changes 
observed in the rat following thyroidectomy. 


Methods. Male Sprague-Dawley rats, 
weighing 55-65 g, were individually caged, fed 
a high calcium diet (4), and permitted to drink 
water ad libitum. Thyroidectomy was per- 
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TABLE I, Electrophoretic Distribution of Plasma Proteins and Hexosamine in Plasma Pro- 
teins of Normal and Thyroidectomized Rats.* — 


SS oooooleeoeeeeeee 


—Globulins 


Group Albumin a-l a-2 B > Total 
Protein (% of total) 8 =a 
Control Es 0.2) ISS 4 OSE See eo ee SiGe 1-3 — 
Thyroidectom) 29.7 S= 1-0) 6S S28 12-7 226" WS. S a2 226 == 1.0 — 
Significance (P <Sai() Ns) <Grli() <.40 <a 5 
f Hexosamine (mg/100 ml of plasma) 
Control 5.7+£0.8 482+3.1 2144.7 196+1.3 OM pels. 104 + 4.8 
Thyroidectomy 88+11 506424 2134.7 286+21 188+41.5 128 = 4.6 
Significanee (P <,05 5) Sx) <A (Ih <.01 << (ill 

Hexosamine (% of protein) 
4.42 PAYS ST 1.73 


Control 30 


formed under ether anesthesia. All rats were 
weighed on the day of operation and at 12 and 
35 days following the day of operation. The 
thyroidectomized rats used for study were se- 
lected on the basis of plateaued growth curves, 
a measure of complete removal of the thyroid 
gland. Blood samples were obtained 35 days 
after the day of operation from the external 
jugular vein under light ether anesthesia, 
using oxalate as an anticoagulant. Hematocrit 
and hexosamine determinations were carried 
out as previously described, with plasma 
hexosamine levels being corrected for hema- 
tocrit changes(4,5). Electrophoretic separa- 
tion of the plasma proteins was carried out 
on filter paper in an apparatus similar to that 
used by Durrum(6). Whatman No. 1 paper 
sheets or strips with a resistance area of ap- 
proximately 500 cm” were used.  Electro- 
phoretic separations were carried out at room 
temperature, at constant current (10mA) in 
pH 8.6 veronal buffer (ionic strength 0.06) 
for 11-16 hours. The voltage varied with con- 
ditions of evaporation in the system. For 
protein studies 0.01-0.02 ml of plasma were 
applied on a 25 mm line. For hexosamine 
studies 0.1 ml was applied to a 150 mm line. 
At the completion of a run the paper was 
dried in an oven at 110°C for 20 minutes, 
stained for 7 minutes in an alcoholic solution 
of 0.1% bromphenol blue saturated with mer- 
curic chloride(6), rinsed in tap water and 
dried again in an oven at 110°C. For protein 
studies the strip was read at 600 mp in a Beck- 
man  spectrophotometer (model DU) by 
means of a specially constructed strip holder. 
A protein distribution curve was obtained by 


* Mean + stand. error. Each group contained 6 rats. 


charting optical density (ordinate) against 
distance migrated (abscissa). The protein 
distribution was measured by cutting out the 
charted electrophoretic curve, weighing it and 
relating the weight of each component to the 
total weight.+ The electrophoretic distribu- 
tion of hexosamines was determined by cutting 
the paper according to the known protein 
bands. Each band of paper was hydrolyzed in 
3 ml of 1N hydrochloric acid for 15 hours and 
after isolation on Dowex-50, hexosamine was 
determined by a modification of the method 
of Elson and Morgan(5). 

Results. The distribution of plasma pro- 
teins following thyroidectomy is shown in the 
upper part of Table I. There was a significant 
increase in the relative amount of gamma 
globulin. The beta fraction was unaltered but 
the albumin and alpha fractions were rela- 
tively reduced. An example of the changes 
seen following thyroidectomy is shown in 
Jee dl 

The concentration of total plasma hexos- 
amine increased following thyroidectomy 
(middle part of Table 1). This change could 


+ The dye-binding capacities of albumin and globu- 
lins differ from one another(7) so that the protein 
values are not those one would get with moving 
boundary electrophoresis, where albumin values run 
higher and globulins lower. It was shown in these 
experiments that the measurements used followed 
the Beer-Lambert law. This was established by 
scanning stained strips prepared by electrophoretic- 
ally separating serum proteins of known concentra- 
tion. It was shown that the areas (as determined 
by O. D. readings) under each band were propor- 
tional to the original concentrations of protein. 
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ELECTROPHORESIS AT pH 8.6 


ALB 


NORMAL 
PLASMA 
PROTEINS 


PLASMA 
PROTEINS 
FOLLOWING 
THYROIDECTOMY 


2 
CENTIMETERS 


FIG. 1, Effeet of thyroidectomy on plasma pro- 


teins of the rat. 


be accounted for almost entirely by a signifi- 
cant increase in the hexosamine content of 
both the beta and gamma globulin fractions. 
The albumin hexosamine was also increased 
but this contributed little toward the total 
plasma hexosamine change. The alpha glob- 
ulins were unaffected. With the known nor- 
mal distribution of plasma proteins and hexos- 
amine in plasma proteins (Table I), the con- 
centration of hexosamine in each fraction can 
be estimated (assume a normal plasma pro- 
tein concentration of 6%). As can be seen in 
the lower part of Table I, the alpha globulins 
were the richest hexosamine-containing pro- 
teins with albumin and gamma globulin hav- 
ing the lowest concentrations. 

Discussion. Normal rat plasma contains all 
the major protein components seen in human 
plasma. Whereas human plasma normally 
contains more alpha-2 globulin, the reverse 
appears to be true in rat plasma. Many 
workers have reported difficulty or inability 
to demonstrate alpha globulins in normal rat 
serum with the use of moving boundary elec- 
trophoresis(8-13). Experience in our labora- 
tory has shown that the separation of the 
alpha globulins by zone electrophoresis, al- 
though much slower with rat than with human 
plasma, will result with more time or higher 
voltage. It is likely that the reported absence 
of alpha globulins by Moore e¢ al.(8,9) was 
in actuality a failure to separate albumin from 
alpha globulins. That rat plasma normally 


contains alpha globulins has clearly been dem- 
onstrated here and elsewhere(12). 

The distribution of hexosamine in normal 
rat plasma proteins is similar to that seen in 
human serum(2), being richest in the alpha 
globulins(14,15). 

The plasma mucoprotein fraction described 
by Winzler(16) is rich in hexosamine and 
migrates electrophoretically at pH 8.4 with 
alpha globulins(17). Mancini, Garberi, and 
de la Balze(18) have reported that in severe 
myxedema the mucoproteins, as determined 
chemically by Winzler’s(16) method, are in- 
creased. On the other hand, Lewis and 
McCullagh(19) reported that the alpha- 
globulins are increased in hyperthyroidism and 
decreased in hypothyroidism. In support of 
this is the observation that plasma mucopro- 
teins, as measured electrophoretically at pH 
4.5, are increased in hyperthyroidism and de- 
creased in hypothyroidism(20). These diver- 
gent observations are difficult to resolve with- 
out further study. 

In the rat the alpha globulins do not appear 
to be altered following thyroidectomy. This 
is contrary to the observations of Moore. 
Levin, Smelser(9), who found that alpha 
globulins were absent in normal rats but ap- 
peared following thyroidectomy (see above). 
but is in agreement with the earlier findings 
of Levin and Leathem(3) that serum globu- 
lins in the rat, as measured chemically, in- 
crease following thyroidectomy. The findings 
here indicate that the greatest protein increase 
is in the gamma globulin fraction and that 
both the beta and gamma globulin fractions 
account for the increase in plasma hexosamine 
seen following thyroidectomy(1). 

Since thyroidectomized rats do not develop 
the alpha-globulin changes which are seen in 
humans with hypothyroidism this probably 
represents a species difference. 


Plasma fibrinogen is closely associated with, 
but poorly separated from, beta globulins(11 ) 
in the rat. It could not be clearly distin- 
guished in the studies reported here. 


Summary. Following thyroidectomy the 
rat develops a relative increase in gamma 
globulin. The increase in total plasma hexos- 
amine levels following thyroidectomy can be 
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almost entirely accounted for by the increase 
in the hexosamine content of the beta and 
gamma globulin fractions. The normal dis- 
tribution of hexosamine in rat plasma is as 
follows: Albumin 5%, alpha globulins 67%, 
beta globulins 19%, and gamma globulin 9%. 
The richest fraction is alpha-1 globulin which 
contains approximately 4.4% hexosamine. 
The other globulins contain less and albumin 
contains only 0.30%. 
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Kelly and Jones(1) observed that repeated 
injections of tissue mashes into normal ani- 
mals bring about changes in the nucleic acid 
turnover of the spleen and liver. Our studies 
(2) have indicated that single injections of a 
tumor homogenate into normal mice alter the 
incorporation of adenine-8-carbon'* (C1*) 
into the desoxyribonucleic acid (DNA) of 


* This study was aided by a grant from the 
American Cancer Society on recommendation of the 
Committee on Growth of the National Research 


Council. 
t Presently 1/Lt., USAF, Wright-Patterson AFB, 


- Ohio. 


¢ Department of Biochemistry, M. D. Anderson 
Hospital and Tumor Institute, University of Texas, 
Houston. 


several tissues. Fractions obtained from tu- 
mor homogenates by centrifugation or pH 
adjustment were tested for the presence of the 
factor(s) responsible for this effect by in- 
jection into normal mice simultaneously with 
adenine-8-C'! solution. Increase of lung 
DNA CH# activity in animals which had re- 
ceived the tumor preparations was taken as an 
indication that the factor(s) was present in 
the preparation. Goldwasser(3) reported that 
an in vitro system consisting of rat liver slices 
or of cell-free homogenates of pigeon liver 
incorporated adenine into ribonucleic acid but 
not into DNA. In simplifying the assay pro- 
cedure for the tumor factor(s), the authors 
have developed an in vitro system in which 
significant increases in DNA C™ radioactivity 
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after proper incubation with adenine-8-C'™ 
have been observed. 


Methods. The in vitro system consisted of 
a tissue mince prepared from the lungs and 
livers of normal 9- to 11-week-old C57 black 
mice.‘ The lungs and livers were rapidly ex- 
cised, weighed, placed on a watch glass, and 
minced together by scissors and scalpel until a 
finely divided mince of the combined tissues 
was obtained. Approximately equal portions 
of the mince were placed in wide mouth, 4- 
inch centrifuge tubes. Three to 5 ml of 
Ringer’s solution fortified with glucose and 
buffered to pH 7.4 with a .01 ionic strength 
phosphate buffer was added to each tube. 
The tubes were maintained at 37°C in a water 
bath, and the contents of the tubes were con- 
tinuously aerated by forcing air through long 
capillaries opening near the bottom of the 
solution in each tube. The same amount of 
adenine-8-C! was then added to each tube, 
approximately 0.5 wc. Tumor homogenate of 
lyophilized tumor was added to the assay 
tubes. Other tubes, used as controls, were 
heated in boiling water for 5 minutes. Fol- 
lowing a 4-hour incubation period, the con- 
tents of each tube were transferred to narrow 
centrifuge tubes, and the solid matter was 
spun down. The supernate was discarded, 
and the solid matter was washed twice in 10 
ml of distilled water; the washings were also 
discarded. The remaining solids were weighed, 
transferred to Ten Broeck homogenizers, and 
homogenized in distilled water to 15 ml total 
volume. Five ml of the homogenate were 
taken for DNA extraction by the procedure of 
Schmidt and Thannhauser(4); other fractions 
extracted by this procedure were discarded. 
The DNA was dried on aluminum discs, and 
Cl! radioactivity was determined by employ- 
ing an automatic, windowless, gas-flow counter 
developed in this laboratory(5). Values of 
phosphorus concentration of the DNA were 
obtained utilizing the colorimetric method of 
King(6). Adenine-8-C' was synthesized by 
the procedure of Clark and Kalckar(7). The 
tumor tissue added to assay tubes was ob- 
tained from transplantable mammary carci- 


§ C57 bl and BAF! mice obtained from the Roscoe 
B. Jackson Memorial Laboratories, Bar Harbor, Me. 


noma E-0771. The tumor was palpable in 
10 days and lethal in 30. Tumors were re- 
moved approximately 20 days after subcu- 
taneous inoculation and were homogenized in 
Ten Broeck homogenizers. 

To confirm these results. a series of experi- 
ments was carried out on liver and also on 
lung minces. Normal 5- to 10-week-old 
BAF! mice were used and mammary carci- 
noma E-0771 obtained from BAF?! tumor 
bearing mice.’ The technic used was essen- 
tially the same as described above except for 
the following: exactly 4 ml] of Ringer’s glucose 
in phosphate buffer (pH 7.4, ionic strength 
.01) was used in each tube; stainless steel 
planchets were used for counting on an auto- ~ 
matic Tracerlab Superscaler; and the Ade- 
nine-8-C!* used was obtained from Isotopes 
Specialties Co. The specific activity of the 
preparation was 1.93 mc mM. 

Results. The results are expressed in units 
of disintegrations /second ‘gram wet weight of 
washed minced tissue. Values are also calcu- 
lated in terms of disintegrations/sec./mg 
DNA phosphorus, and no significant differ- 
ences between the 2 expressions were found. 
Duplicate values for each treatment were pre- 
pared where 2 values are given. 

Groups 5, 6, and 7 were carried out under 
slightly different conditions and the 2 experi- 
ments should not be directly compared, but 
it is noteworthy that Group 5 falls within the 
range determined in Group 1. 

That in vitro incorporation of adenine ac- 


TABLE I. Values of Radioactivity for DNA 
Extracted after Incubation with Adenine-8-C™, 


Dis/sec/g wet 


Treatment of wt of washed 


Group tissue mince mince tissue 
1. Untreated 4.8, 7.5 
2. Tissue mince heated 5 min. in Oya 


boiling water 
3. Tissue mince + 100-200 mg ho- 8.3 
mogenized tumor tissue 


4. Tissue mince + lyophilized tumor 6.0, 8.9 
homogenate corresponding to 
400 mg tumor tissue 

5. Untreated 5.5 

6, Tissue mince + 25 mg tumor 18.4 
homogenate 

7. Tissue mince + 50 mg tumor 16.2 


homogenate 


STIMULATION OF 


TABLE II. Values of Radioactivity for DNA 
Extracted after Incubation with Adenine-8-C™. 


Dis/sec/g wet 


Treatment of wt of washed 


Group liver mince mineée tissue 
8. Untreated 0 
Liver mince heated 5 min. in 0 
boiling water 
Liver minee -+- 25 mg homog- 3.5 
enized tumor tissue 
9. Untreated 0 
Liver mince heated 5 min. in Q 
boiling water 
Liver mince +- 25 mg homog- 25.4 
enized tumor tissue (5 Me 
adenine-8-C"*) 
10. Untreated 0 
Liver minee heated 5 min. in 0 
boiling water 
Liver mince + 25 mg homog- Oa 
enized tumor tissue 
11. Untreated 0 
Liver mince heated 5 min. in 0 
boiling water 
Liver mince + 25 mg homog- 17.6 


enized tumor tissue 


tually does occur is indicated by the decreased 
radioactivity in the tubes where the mince was 
deactivated by heat. The stimulating effect of 
tumor tissue on the uptake of adenine into 
DNA appeared variable, but gives further 
evidence that active uptake mechanism was 
operating im vitro. It was found in the earlier 
work referred to above(2) that stimulation of 
adenine uptake into DNA in vivo was also 
variable. In general, the variability was 
thought to be due to the lability of the fac- 
tor(s) in solutions of tumor homogenate. 

The results of Group 4, Table I, might in- 
dicate that some of the active principle in 
tumor homogenate can be preserved by lyo- 
philization. The results of Groups 5 and 7 
suggest that there may be a limit to the capac- 
ity to stimulate adenine uptake. In addition, 
they indicate that the increased radioactivity 
subsequent to the addition of tumor homo- 
genate is not merely the effect of the added 
“active” DNA of the tumor cells, since, in that 
case, Group 7 should be much higher in value 
than Group 6. 

It was not felt necessary to maintain strictly 
sterile conditions during the preparation and 
incubation of the tissue mince since the short 
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incubation time was_not adequate for exten- 
sive growth of microorganisms. Microbiologi- 
cal destruction or incorporation of adenine-8- 
C' would have had to have varied from tube 
to tube to have seriously affected the results. 

The results shown on Table II indicate that 
the same increase in the uptake of labeled 
adenine is obtained when tumor homogenate 
is added to a liver mince. This was verified 
in 4 studies. In no instance was this effect 
noted in lung minces. A final control study 
was carried out to ascertain the amount of 
uptake of adenine by tumor tissue. A tumor 
mince was prepared under the same conditions 
as the untreated and the heated controls as 
described above. The uptake by 25 mg of 
tumor mince was calculated and found to be 
0.5 d/sec. while the heated tumor mince 
showed no uptake. Thus, the uptake by the 
amount of tumor added to the liver mince is 
only a small percentage of the total obtained 
for the liver plus. the tumor, and we may 
assume that the radioactivity recorded repre- 
sents uptake by the liver DNA fraction. 

Summary. C57 bl mouse lung-liver mince 
and BAF! mouse liver mince incubated with 
adenine-8-C!* showed greater DNA activity 
than a similar system which had been de- 
activated by heat. This increased activity 
was not found with lung mince. A factor(s) 
present in tumor homogenate and possibly also 
in lyophilized tumor homogenate increased 
the DNA radioactivity to values significantly 
higher than those from tissues incubated with- 
out tumor homogenates. 

Grateful acknowledgement is made to Jarvis Wat- 
son for technical assistance rendered during the per- 
formance of the above experimental work. 
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Renal Clearance of Para-Amino Salicylic Acid in the Dog.* 


(21924) 


Nancy M. Buckxiey, Donatp G. Vint, AND LEo A. SAPIRSTEIN. 
(Introduced by Eric Ogden.) 


From the Department of Physiology, The Ohio State University, Columbus, Ohio. 


In comparing the renal clearances of para- 
amino salicylic acid (PAS) and inulin in man, 
Horne and Wilson(1) found that the former 
compound had a higher clearance than the 
latter: The excess clearance was depressed 
below the level of the inulin clearance and the 
plasma level of PAS elevated by the adminis- 
tration of caronamide. On the basis of these 
findings, it has been postulated that there is 
renal tubular excretion of PAS and a number 
of reports(2-4) have indicated that the ad- 
ministration of tubular blocking agents (car- 
onamide and Benemid) will raise the level of 
plasma PAS in man. However, others(5-7) 
have failed to show persistent differences in 
plasma PAS levels after oral doses when Bene- 
mid is employed as a tubular blocking agent. 
In the present study we have investigated the 
renal clearance of PAS in the dog. Our re- 
sults indicate that the clearance of PAS in this 
species is less than the glomerular filtration 
rate. We have furthermore found that Bene- 
mid does not depress the renal clearance of 
PAS. 

Methods. Female dogs anesthetized with 
sodium pentobarbital (30 mg/kg intraven- 
ously) were used in all experiments. In pro- 
longed PAS infusion experiments, supplemen- 
tary anesthesia was given by including the 
barbiturate in the infusion in quantity suf- 
ficient to supply 3 mg/kg/hour. 

For the determination of bladder clear- 
ances, a priming dose of 1.4-1.6 g each ot 
sodium PAS (Parke-Davis Co.) and creati- 
nine in 50 ml saline was followed by an in- 
fusion through a constant infusion syringe 
pump of the same solution at .5 ml/min. Ade- 
quate urine flow was secured by the adminis- 
tration of 20 ml of 10% sodium chloride solu- 
tion. After a 10-30 minute period of equili- 
bration, the bladder was washed with three 
50 ml volumes of distilled water and the wash- 


* Supported by grants-in-aid from the Central 
Ohio Heart Assn. and the American Heart Assn. 


ings were analyzed for both PAS and creati- 
nine. The clearance periods were then begun. 
Three consecutive clearance periods of 20 
minutes each were run, arterial blood samples 
being taken at the beginning and end of each 
period. Aliquots of plasma and dilute urine 
were precipitated with cadmium hydroxide. 
PAS was determined on the supernate by the 
method of Newhouse and Klyne(8), and 
creatinine by the method of Bonsnes and 
Taussky(9). The color measurements were 
carried out on a Beckman DU spectropho- 
tometer at 545 mu for creatinine. The re- 
covery of each substance was estimated by 
adding a standard amount of both to blank 
plasma and comparing the color developed 
with that of the standard alone. Recovery of 
added PAS varied from dog to dog ranging 
from 63 to 99%. Duplicate determinations 
on any one sample, however, checked within 
5%. Variable recovery of added PAS from 
plasma has been previously reported(8) but 
remains unexplained. Plasma concentrations 
were corrected for the PAS and creatinine re- 
coveries. In the calculation of the bladder 
clearance of PAS, the plasma concentration 
was corrected for PAS binding. The original 
plasma concentration was multiplied by the 
ratio between ultrafilterable and total plasma 
PAS as determined on a separate blood sam- 
ple for each dog. Plasma ultrafiltrates were 
made by subjecting whole blood in 1% inch 
cellophane tubing to 15 lb air pressure. The 
ultrafiltrate was collected in two separate por- 
tions which were analyzed separately. The 
PAS concentrations of the ultrafiltrate did not 
change with time within the limits of the 
analytical method. In all bladder clearance 
experiments, the creatinine clearance was si- 
multaneously measured. The plasma creati- 
nine level was corrected for the small amount 
of creatinine binding by the use of the ultra- 
filtrate /plasma creatinine factor. 


The volumes of distribution of PAS and 
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TABLE I. Renal Clearances and Volume of Distribution of PAS and Creatinine in the Dog 
(9 Animals). = 


ee ee a ee ee ee ee ee ee ee 
NNeaoq*$0=a0—0°=0Q@0—0 —S SS. eeeeeeeeee_<$$$§ eT 


Clpas Veas 
Chee Clpas, Wiese: Veas, 
Dog # Wt, ke ml/kg/min. ml/kg/min. Clee %TBW. %B.W. Ves 
1 9.6 4,2 all SUS 
2 9.5 3.9 3.4 86 
3 11.4 ae 2.9 87 
Ey 20.0 4.8 Sell atte 
5 18.0 4.1 3.8 .93 
6 15.4 2.1 1.6 75 45 4] 90 
7 13.0 Sai oe .94 43 46 1.07 
8 14.9 4.2 3.4 82 44 44 1.00 
9 DED) 5.0 2.9 


58 53 52 By) 


* Volumes determined by the method of ‘Greenberg et al.(10). / 


creatinine were estimated by the method of 
Greenberg et al.(10). From the total amount 
of PAS and creatinine administered in the 
primer and infusion, was subtracted the 
amount found in the bladder at the time that 
the first plasma sample was taken. The dif- 
ference, representing the total amount of PAS 
and creatinine in the body was divided by the 
equilibrium concentration of the 2 substances 
in unbound form. No attempt was made to 
estimate the content of either substance in the 
renal dead space, so that these estimates of 
volumes of distribution were falsely high(11). 

In experiments employing Benemid, the 
bladder clearance of PAS was determined as 
described above. After 3 consecutive clear- 
ance periods 0.5 g of Benemid dissolved in an 
equivalent amount of NaHCO;(12) was in- 
jected intravenously in a 50 ml volume. The 
pH of the solution was 7.8. After a 10-minute 
period the PAS clearance was again deter- 
mined in 3 consecutive periods. 

Results. Binding of PAS by plasma pro- 
teins. In 12 measurements of the ratio of 
PAS concentration in the ultrafiltrate to that 
in the plasma, the free PAS was found to ac- 
count for 49 to 88% of the total. The aver- 
age value was 67% and the standard devia- 
tion was + 9%. This variability in the pro- 
tein binding has been noted previously in the 
case of other salicylates(13) and the binding 
of PAS in human blood is likewise variable 
(14). 

Bladder clearance of PAS. In the first 5 
bladder clearance experiments, the clearance 
was calculated from the plasma PAS concen- 
tration corrected by the average value for pro- 


tein binding. In the last 4 experiments, the 
actual PAS binding by the individual dog’s 
plasma was used in the calculation. The PAS 
clearance values ranged from 1.5-3.8 ml/kg/ 
min. The creatinine clearances ranged from 
2.0-5.0 ml/kg/min. The ratio of PAS to 
creatinine clearance ranged from .58 to .94 
with an average of .81. In only 1 of 37 clear- 
ance periods did the ratio exceed 1. In this 
period the clearance ratio was 1.1. 

Effect of Benemid on the bladder clearance 
of PAS. The bladder clearances of PAS in 
the 3 Benemid experiments were 20.8, 22.5. 
and 47.0 ml/min before the administration of 
Benemid and 30.7, 29.6 and 47.0 ml/min 
respectively afterwards. The creatinine clear- 
ance was unchanged in the first 2 experiments 
and rose slightly (from 65 to 76 ml/min) in 
the third. 

Volumes of distribution of Creatinine and 
PAS. The volume of distribution calculated 
from the equilibrium plasma concentration 
and the PAS balance is, as has been noted, 
falsely high because of the PAS contained in 
the renal dead space. The average value ob- 
tained in experiments in which this method 
was employed was 45.5% of the body weight. 
In the same experiments, the volume of dis- 
tribution of creatinine similarly calculated 
(and with almost the same error) was 46% 
of the body weight. We have noted elsewhere 
(11) that the true volume of distribution of 
creatinine as determined by disappearance 
curve analysis which eliminates the dead 
space error is closer to 35% of the body 
weight. Similar analyses of disappearance 
curves after single injections of PAS which 
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are not reported here yielded almost identical 
values for the volume of distribution of this 
substance (34% of the body weight). A 
similar value has been reported for the dog by 
Way et al.(14). 

Discussion. The results demonstrate that 
in the dog the clearance of PAS is less than 
the glomerular filtration rate as measured by 
the clearance of creatinine. The fact that the 
clearance ratio is less than one may be inter- 
preted to indicate that tubular reabsorption 
of PAS occurs in excess of tubular secretion of 
this molecule, if indeed the latter occurs at all. 
The possibility that secretion and reabsorp- 
tion of PAS occur together appears unlikely 
because of the relatively narrow range of 
clearance ratios observed between PAS and 
creatinine. We were further unable to ob- 
serve the diminution of PAS clearance with 
Benemid which would have been expected if 
this material interfered with the tubular secre- 
tion of PAS. In fact, in 2 of 3 experiments, 
Benemid caused an increase in the clearance 
of PAS. 

The evidence for tubular secretion of PAS 
upon which the rationale of the use of tubular 
inhibitors is based is scanty. Only Horne and 
Wilson(1) appear to have compared PAS 
clearance and filtration rates. Others have 
confined their studies to the measurement of 
plasma levels after the oral administration of 
PAS with or without tubular inhibitors. 

The present experiments indicate that in 
the dog at least, there is no evident tubular 
excretory activity toward PAS. If, in fact. 
plasma levels of PAS are elevated by such in- 
hibitors, a finding which has been questioned 
repeatedly (5-7), it would appear that the site 
of action is not on the renal tubule. 


Summary. Simultaneous measurements of 
the renal clearance of PAS and creatinine in 
the dog indicate that the former substance is 
not excreted by the renal tubules. Benemid 
does not appear to diminish the renal clear- 
ance of PAS in the dog. This raises question 
as to the rationale of employing Benemid as 
an adjunct to PAS therapy in man. The vol- 
ume of distribution of PAS appears to corre- 
spond closely with that of creatinine. 
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During an investigation of the ascaricidal 
activity of cadmium added to the feed of pigs 
(1,2), cadmium analyses of various tissues 
were made. The purpose was to determine 
the extent to which ingested cadmium was re- 
tained and to locate the tissues where greatest 
storage occurred. Although the above au- 
thors reported no evidence of toxicity with 
the dosage of cadmium used, it was considered 
desirable to see if tissue levels reached con- 
centrations approaching those previously re- 
ported in animals showing definite signs of 
poisoning. 

Method. Pigs, varying in weight from 25 
to 150 lb, were fed Aska-Rid* in the diet for 
72 hours. They were bathed prior to and fol- 
lowing treatment and just before autopsy to 
prevent contamination of tissue samples. They 
were fed ad libitum during the experiment. 
and no reduction in food intake was noted for 
the treatment period. With the type ration 
used for administering cadmium, a 50-lb pig 
will eat about 2.5 lb per day(2). Thus, the 
cadmium oxide intake for 3 days would be 
510 mg at the 68 mg per lb concentration. 
The first group received 68 mg cadmium oxide 
per lb of feed and were sacrificed at intervals 
of 14 and 30 days following treatment. This 
is the cadmium concentration recommended 
for worming pigs when used in a 3-day feed- 
ing program. The second group received 91 
mg cadmium oxide per lb of feed and were 
sacrificed at intervals of 1, 3, 7, 14, 60, and 
90 days following treatment. The third group 
received 68 mg cadmium oxide per Ib of feed 
for 3 days. At the end of 6 weeks, they were 
again treated with feed containing 68 mg cad- 
mium oxide per lb for 3 days. They were sac- 
rificed 30 days after the second cadmium feed- 
The fourth group received no cadmium 
Cadmium determina- 


ing. 
and served as controls. 


* Aska-Rid is the tradename for Pitman-Moore Co. 
brand of anthelmintic powder containing 1.5% 
cadmium oxide in an inert diluent. 


tions were made in duplicate by the dithio- 
zone method of Church(3). 

Results. The highest concentration  re- 
ported (Table) was 1.30 mg of cadmium ox- 
ide per 100 g of fresh tissue. This was from 
the spleen of a pig fed exclusively on 91 mg 
cadmium oxide per lb feed for 3 days and 
autopsied one day later. 


Cadmium levels in the various tissues drop 
rapidly with only the kidney and spleen still 
showing significant increases as long as 14 
days after the feeding experiment. There- 
fore, in subsequent determinations (30, 60, 
and 90 days after cadmium feeding), only 
these 2 tissues and the liver were analyzed. 
The liver was included, as others had reported 
high levels in this organ(3,4). When 2 feed- 
ings are made at a 6-weeks’ interval, cadmium 
storage is greater than on a single feeding, but 
in no tissue was it as high as | mg per 100 g 
of fresh tissues 30 days after the second feed- 
ing. 

Most studies reported on cadmium con- 
centration in tissues are following administra- 
tion by inhalation. Under such circumstances, 
the highest concentration is usually in the 
lungs. In fatal or near-fatal doses, this may 
be as high as 10 mg per g of dried lung tissue 
in the rat(4). On the other hand, cadmium 
oxide inhalation experiments in dogs(5) re- 
sulted in concentrations of cadmium oxide as 
high as 13.3 mg per 100 g of fresh kidney tis- 
sue. The highest in the liver was 3.9 mg. In 
these animals, toxicity was not noted nor were 
definite pathologic changes seen at autopsy. 
Prodan(6) fed 10 mg of cadmium per day to 
cats for 2 months. Emesis occurred occasion- 
ally during the first few days and ceased. 
Near the end of the experiment all animals 
manifested a decreased appetite. Tissue cad- 
mium was 5.62 mg per 100 g of tissue for the 
liver, 4.65 mg for the kidney, and 1.11 mg for 
the spleen. Tipton(7) has recently assembled 
some very revealing data on cadmium con- 
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TABLE I. Distribution of Cadmium in mg %. 
eee a asa 


Untreated - Treated pigs* — Repeat treat- 
pigs mentt with 
——— 91 mg/lb CdO — 68 mg/lb CdO 68 mg/lb CdO 
STD Ay OME won 50 ER 
Tissue 1 3 7 14 60 90 14 30 30 
Liver 05(3)t 22 2 OMe Omics O1(2) esi cco) .02(2) .41(2) .92(4) 
Kidney 03(3) 1.05 1.04 .538 .41 .23(2) .16(2) .88(2) .27(2) .65(4) 
Spleen .05(3) 130" 284-91” edbe 46,2)" 924.2) .05(2) .53(2) .92(4) 
Blood .02 219) 252 30 allo .16(3) 
Brain — BE eB) AU AON} .02(2) 
Heart — 09) ~.25 07-200 .04(2) 
Muscle — yay ily Ae) ay .02(2) 
Stomach tissue _ 12> 200) 253" 00 .16(2) 
contents — 48 06 .09 .00 06(2) 
eum — Tt) ee Se = 
Cecum == WAG US Se aad 
Mid-jejunum — 80 18 .26 .06 32(2) 
Solon contents = 02(2) 
Rib bone == — — .10 .03 .04(2) 
Subeut. fat 02 zit 
02 Se a a 16 


Abdominal fat 


* All received food containing indicated concentration of CdO for 3 days. 


+ Same dose repeated 6 wk after first; pigs sacrificed 30 days after second dose. 
t No. in parentheses indicates No. of pigs from which average obtained. No number in parentheses 


indicates only tissue from one pig analyzed. 


tent of human kidneys obtained at autopsy. 
On a fresh tissue basis, the average was 3.31 
mg of cadmium per 100 g for kidneys and 
0:36 mg for liver. There was no known ex- 
posure to cadmium in any of these subjects. 

Summary. Feeding cadmium oxide-contain- 
ing food for 3 days at concentrations of 68 mg 
and 91 mg per lb of food results in cadmium 
retention in the liver, spleen, and kidneys. 
The increase is significant when compared to 
controls but is very low when compared to 
cadmium levels others have reported by in- 
halation or feeding. Humans with no known 
exposure to cadmium have higher cadmium 
levels in the kidneys than pigs fed cadmium 
as described above. 
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Glycogen synthesis, im vitro, has been in- 
vestigated in a number of tissues. Hastings 
(1) reported synthesis in liver, Stadie and 
Zapp(2) in diaphragm, Stadie, Haugaard and 
Perlmutter(3) in heart and Marsh and Miller 
(4) in the kidney. Interest in the glycogen 
fractions was renewed by the work of Bloom, 
Lewis, Schumpert and Shen(5), who de- 
scribed a method for the isolation of 2 types 
of glycogen through differential solubility in 
cold trichloroacetic acid (TCA). Cordier and 
Dessaux(6), utilizing this technic in an in- 
vestigation of cardiac glycogen disappearance 
in rats subjected to anoxia, found that the 
TCA soluble fraction decreased to a greater 
extent than the TCA insoluble fraction of 
glycogen. A pronounced species variation of 
these 2 forms of cardiac glycogen was re- 
ported by Merrick and Meyer(7), who found 
in studies on dogs exposed to conditions of 
fulminating anoxia that although the TCA 
soluble glycogen disappeared rapidly from the 
heart, there appeared to be a temporary in- 
crease of the TCA insoluble fraction. The 
problem of changes in the cardiac glycogen 
fractions is worthy of more detailed analysis. 
The present study deals with the changes of 
concentration of the cardiac glycogens in rat 
and dog hearts, which have been homogenized 
in a medium promoting glycogen synthesis. 
and exposed to either an atmosphere of oxy- 
gen or an atmosphere of nitrogen. 

Methods. For each of the 10 runs in each 
series of analyses, either the pooled ventricles 
from 6 decapitated male albino rats or a por- 
tion of the left ventricle from a dog anesthe- 
tized with pentobarbital sodium (32.5 mg/ 
kg) was removed, weighed and then frozen 
between blocks of dry ice. Enough cold 
(1°C) fluid medium (Krebs Phosphate Ring- 
er’s solution or 5.4% glucose solution) was 
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measured to make a 10% weight/volume mix- 
ture when homogenized with the heart tissue. 
The ventricles were ground with the fluid 
medium in a Ten Broeck Tissue Grinder, the 
temperature being held at approximately 
2-3°C during homogenization. A 3 ml sam- 
ple of the homogenate was taken for the ini- 
tial glycogen value. The remainder of the 
homogenate was transferred to Warburg 
flasks, 3 ml per flask. The flasks were placed 
in a Warburg bath set for a temperature of 
37.5°C, flushed with Oz or Ne and allowed to 
equilibrate for 30 minutes before oxygen con- 
sumption was recorded. One flask of each 
series of 7 was taken from the bath at suc- 
ceeding time intervals (as indicated in Table 
I) and the contents removed for glycogen 
analysis. The final sample was removed 105 
minutes after the initial sample. Extraction 
of the 2 glycogens was accomplished with es- 
sentially the procedure outlined by Bloom, 
et al.(5), that is, the TCA soluble fraction 
was extracted with cold TCA and separated 
from the precipitate by centrifugation at 1°C. 
One modification of the procedure, however, 
consisted of digesting the precipitate from the 
TCA extraction with 30% KOH to secure the 
non-extractable glycogen rather than using a 
duplicate sample and determining total glyco- 
gen by KOH digestion. After hydrolysis in 
sulfuric acid, the isolated glycogen samples 
were measured quantitatively by the anthrone 
procedure of Seifter, Dayton, Novic and 
Muntwyler(8). 

Results and discussion. There was a pre- 
cipitous drop of both glycogen fractions 
(Table I) which shows that glycolysis rap- 
idly reduces heart glycogen when the organ 
has been homogenized. In contrast to the 
findings of Cordier and Dessaux(6) with the 
heart of anoxic rats (7m vivo) where the TCA 
insoluble fraction was relatively stable, both 
fractions dropped to about 50% of their ini- 
tial value within 5 minutes. Although no de- 
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TABLE T. 


ile) 


60 


30 


Time in min. after heart was homogenized 


15 


Ten} 


0 


Glycogen 
TCA soluble 


Animal and medium 


79 + 31.6 


131 
140 


103 + 30.7 


Rat 


4.4 


6.6 


164+ 


TCA insoluble 


Total 


5.4% glucose 


227 
25 


— 


95 


100% oxygen 


Rat 


TCA soluble 
TCA insoluble 


Total 


5.4% glucose 
3% oxygen 


97% nitrogen 


SYNTHESIS OF CARDIAC GLYCOGEN FRACTIONS 


| terminations were made during the first half 
= hour in the series utilizing Krebs Ringer’s or 


+4118 +) +18 | low oxygen in. 5.4% glucose, the 30-minute 
ah ie values suggest that they follow the same gly- 
colytic pattern. A plateau independent of 
Lo © © initial glycogen concentration is reached at 
aoe roca 30 minutes. The TCA soluble glycogen, ex- 
H141© va ala cept when synthesis occurs. stabilizes at 
sf 38 oi approximately 50 mg per 100 g of tissue while 
that part not extracted by cold TCA drops to 
a ae 20 20 mg per 100 g of tissue. 
+ Flin This behavior of rat heart glycogen con- 
Hale i pi trasts strongly with the situation in the dog 
mera = where the TCA insoluble glycogen is found to 
fA Aw ; decrease gradually over the 105 minute period 
og ==,, 2 (Table 1). The TCA soluble glycogen of the 
+4] HHS |e dog heart, although disappearing rapidly, does 
oe me |e not reach a stable level until 75 minutes after 
Me 2 the first sample is taken. 
= Synthesis of glycogen by the rat heart was 
73 S * a achieved in oxygenated 5.4% glucose con- 
fs Sh #1 H's | = firming the experience of Stadie, Haugaard 
oe 5 and Perlmutter(3). The most marked syn- 
thesis was in the TCA extractable portion. 
ae |S which after declining to 54 mg per 100 g of 
fone a + |Z tissue, then began to rise and continued until 
he eae a value of 103 mg per 100 g of tissue was 
“> | 2 reached at the end of 105 minutes. This rep- 
fae resents synthesis at the rate of 0.594 mg of 
See glycogen per 100 g of heart tissue per minute. 
| | Ste | Fe The BEA insoluble glycogen, however, con- 
MARE ge tinued to decline for 75 minutes and then rose 
See from 16 to 22 mg per 100 g of heart tissue at 
105 minutes, a difference significant to the 
Tee aoe 98% confidence level. The insoluble fraction 
yg Me | is resynthesized at roughly one-third the rate 
is w a at that the TCA soluble glycogen is formed. 
ae Chie oat Nothing in the data from rat heart homo- 
genates suggests that the TCA soluble glyco- 
as me gen undergoes glycolysis in preference to the 
sé 4 TCA insoluble fraction, although this is the 
us eee implication from the work of Cordier and 
sas <3 Dessaux(6) on the intact animal. However, 
Bag See this does seem to be true of the homogenized 
| z dog heart. The homogenization of the tissue 
= = may well alter metabolic pathways by de- 
a ‘ é Z S stroying the normal anatomy of the cell. 
aie ey Boers The resynthesis of glycogen. under the con- 
28 = S oe 2 ditions of the experiment, starts with the 
eS ee ie, formation of the TCA soluble moiety. 
a’ ast Bete Whether or not the TCA insoluble fraction is 
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formed directly from the glucose, or repre- 
sents the binding of the soluble form to pro- 
teins or some other molecule which is insol- 
uble in cold TCA has vet to be determined. 

The dog heart homogenate did not synthe- 
size either glycogen fraction under the same 
conditions in which the rat heart showed gly- 
cogenic activity. Neither form of glycogen of 
rat heart was synthesized in Krebs Ringer’s, 
though adequate glucose was present, nor in 
5.4% glucose when oxygen tension was re- 
duced to 21.5 mm Hg. 

Glycogen synthesis was well correlated with 
oxygen consumption of the tissue homoge- 
nates. In the one medium (oxygenated 5.4% 
glucose) which promoted glycogenesis, oxygen 
consumption was 303 wul-Oy per g of wet 
tissue per hour compared to the utilization of 
145 pl-Oz per g of wet tissue per hour in the 
unoxygenated sugar medium and the 131 ul- 
O» per g of wet tissue per hour in the oxy- 
genated Krebs Ringer’s. The dog heart sus- 
pension exhibited the lowest oxygen uptake, 
using only 114 pl-Oz per g of wet tissue per 
hour. 

Summary. Glycolysis reduces both glyco- 
gen fractions of the rat heart at about the 
same rate for the first 5 minutes, regardless 
of the medium used for suspension of the tis- 
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sue. In Krebs Phosphate Ringer's solution 
and in unoxygenated 5.4% glucose, the 2 
glycogens drop to a low, but stable level. The 
glycogen synthesized in the sugar medium is 
primarily the TCA soluble glycogen. The 
TCA soluble glycogen begins synthesis at the 
end of 22.5 minutes and synthesis of the TCA 
insoluble fraction begins 50 minutes later. A 
distinct species difference was observed in the 
metabolism of cardiac glycogen in the rat and 
dog, inasmuch as the TCA insoluble fraction 
was relatively more stable in the dog. 
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From the Coagulation Laboratory, Medical Department, University of Zurich (Kantonsspital). 


The use of serum from various pathological 
conditions in the thromboplastin generation 
test(1,2) led to the conclusion that besides 
the serum factors already known (Factor 
VII = SPCA, proconvertin and Factor IX 
= Christmas factor, PTC)* another clotting 
factor exists in serum for which the designa- 


* The following numbering of clotting factors is 
proposed: Fibrinogen (F.1), Prothrombin Ge JI), 
Thromboplastin (F.III), Calcium (F.IV), Labile fac- 
tor, Proaccelerin (F.V & VI), SPCA Proconvertin 
(F.VIL), antihemophilic Globulin (F.VIII), P.T.C., 
Christmas Factor (F.1X). 


tion Factor X(3-5) was proposed. Matching 
experiments with serum from hemophilia B 
(deficient in Factor [X) proved to be espe- 
cially demonstrative. 

Method. A modification of the thrombo- 
plastin generation test developed in our lab- 
oratory was employed(2). The 4 compon- 
ents incubated to generate blood thrombo- 
plastin are: Platelet suspension prepared 
according to Fliickiger ef al.(6), calcium 
chloride, oxalated plasma adsorbed on barium 
sulfate (source of antihemophilic globulin) 
and serum. The first 3 components are kept 
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constant (normal platelets and oxalated 
plasma being used), whereas serum is varied. 
The results of the test are given in incubation 
and clotting-times directly measured (not in 
thromboplastin-units). To study the mixture 
of 2 sera, both are diluted 1/10 with buffer, 
then 0.15 cc of each dilution added to the 
mixture of platelet suspension, adsorbed 
plasma and CaCl... Quantitative determina- 
tion of Factor VII: according to Koller, Loe- 
liger and Duckert(7). Chloroform extract of 
human brain thromboplastin. Acetone dried 
brain powder (1 g) is suspended in chloroform 
at room temp. 20 min, then filtered and 
washed with chloroform, (final vol. 50 cc). 
After evaporation of solvent at 50°C the 
residue is suspended in 50 cc physiological 
saline and stored at 30°C. This stock solu- 
tion is diluted 1/100 with veronal-acetate 
buffer before use in the thromboplastin gen- 
eration test, replacing the thrombocytes. 
Purification of Factor IX and X. All op- 
erations at room temperature. a). Purifica- 
tion of Factor 1X by chromatography. To 
prepare the column, i g of barium sulfate and 
1 g of hyflosupercel are suspended in physio- 
logical saline, pH 7, and introduced into the 
column. Excess saline is discarded. Normal 
citrated serum (1.8 cc serum + 0.2 cc tri- 
sodium citrate 0.2 M) is poured on top of 
column. After the serum 0.5 cc saline is 
added and elution performed by means of 
trisodium citrate, 0.14 M, pH 7.8. Flowing 
speed is slow (1 drop/25 sec.). The eluate is 
fractionated into portions of 1 cc. The first 
fractions are rich in Factor VII. Factor IX 
appears in the fourth fraction. By chroma- 
tography Factor LX is obtained free of Fac- 
tor X which is not eluted by this method. The 
fraction contains however 5 to 35% of Factor 
VII. 6). Purification of Factor IX by aa- 
sorption. 10 cc of old normal serum (stored 
at room temperature a few days in order to 
remove Factor X) and 0.8 cc trisodium citrate 
0.2 M (final concentration 0.0148 M) are 
mixed with 600 mg barium sulfate and 
stirred 5 min. with a glass rod. After centri- 
fugation, the barium sulfate is washed with 
2 cc distilled water and the supernatant dis- 
carded. Elution: the barium sulfate is sus- 
pended in 1 cc of trisodium citrate 0.14 M, 
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FIG. 1. Normalisation of thromboplastin forma- 
tion with a mixture of hemophilia B-Serum (F. 
IX-deficiency) and hepatitis-serum. 


pH 7.8, stirred 5 min. and centrifuged. The 
supernatant solution contains Factor IX, 
traces of Factor VII and is Factor X-free. 
c). Purification of Factor X by adsorption. 
4.5 cc normal serum + 0.5 cc_ trisodium 
citrate 0.2 M (final concentration 0.02 M) 
are mixed with 250 mg barium sulfate and 
stirred 5 min. After centrifugation the super- 
natant is discarded, barium sulfate washed 
with 2 cc distilled water and the solution dis- 
carded. Elution: barium sulfate is suspended 
in 1 cc of trisodium citrate 0.14 M and stirred 
3 min. The solution contains Factor X, traces 
of Factor VII and is Factor [X-free. To ex- 
clude any contamination with Factor IX this 
preparation may be made with hemophilia 
B-serum. 


Results. Two types of abnormal thrombo- 
plastin generation curves. (Fig. 1) Normal 
serum yields a curve with minimal clotting 
time of 11 to 12 seconds after incubation time 
of 3 to 8 minutes. Serum from hemophilia B 
(deficient in Factor IX) gives a markedly 
prolonged minimal clotting time, reached 
however after a normal or almost normal in- 
cubation time. On the other hand serum from 
a patient treated with 3-(1-phenyl-propyl)- 
4-hydroxycoumarin (— Marcoumar), or from 
a patient with hepatitis (Fig. 1) produces a 
greatly delayed curve (incubation time over 
12 minutes), but the clotting time finally 
reached is within normal limits. This curve 
corresponds to Factor X-deficiency. The dif- 
ference in shape of the curve is even more pro- 
nounced when instead of platelet suspension a 
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FIG. 2. Effect of a dicumarol derivative (Marcou- 


mar) on thromboplastin formation. (Factor VII 
activity is given in plasma and serum.) In Exp. C, 
the concentration of Factor IX is even higher in 
the mixture than in assay a and b (in Christmas- 
serum Factor LX is very low), and the concentra- 
tion of Factor VII is the same as in assay a. 
Nevertheless thromboplastin formation of the mix- 
ture is very poor ine but normal in a and b. A 3rd 
serum factor has to be assumed. 


chloroform extract of brain is used in the gen- 
eration test. If the concentration of Factor 
X is very low, thromboplastin formation is 
almost impossible. Therefore the clotting 
time (reciprocal to amount of thromboplastin 
formed) remains high as in Factor [X-de- 
ficiency, in these extreme cases(13). 
Differentiation of Factor X from Factor 
VII and IX by matching experiments. A mix- 
ture of equal parts of the above mentioned 
-Marcoumar-serum and hemophilia B-serum 
yields an entirely normal thromboplastin gen- 
eration. (Fig. 2a). This finding might be in 
agreement with the hypothesis that insuf- 
ficient thromboplastin generation of Marcou- 
mar-serum is due to Factor VII-deficiency 
while that of hemophilia B-serum is caused by 
lack of Factor IX. However the following 
observation contradicts this view: Serum of a 


patient who had first been given Marcoumar, 
then, because of bleeding, vit. K;, and whose 
Factor VII concentration had returned to 
normal (100% in plasma and in serum) pro- 
duced a markedly delayed thromboplastin 
generation. Hemophilia B-serum normalises 
this clotting defect. (Fig. 2b). Therefore lack 
of Factor EX cannot account for the delay of 
thromboplastin generation, nor can Factor 
VII-deficiency do so. A third serum-factor 
(Factor X) must be involved. If the 2 Mar- 
coumar sera (with 10 resp. 100% Factor VII) 
are mixed, there is no normalisation of throm- 
boplastin generation. (Fig. 2c) Serum of 
epidemic hepatitis, of hepatic cirrhosis, of the 
new-born behaves in the same way as Mar- 
coumar-serum. (Table I). Stored serum is 
also abnormal in thromboplastin generation 
although the concentration of Factor VII and 
IX remain unchanged during several days at 
room temperature. After 8 days of storage 
Factor VII 160% and Factor [X were nor- 
mal. The delayed thromboplastin formation 
is therefore due to deficiency of another serum 
factor. 

Purified Factor IX, mixed with hemophilia 
B-serum produces a normal thromboplastin 
generation; the same is true with purified 
Factor X when mixed with Marcoumar-serum. 
Matching of both purified preparations (Fac- 
tor [IX and X) gives a normal thromboplastin 
generation in spite of the very low Factor VII 
content of the mixture. The chromatographic 
fraction containing no factor X produces a 
very delayed thromboplastin generation when 
mixed with Marcoumar-serum. 

Objections to these matching experiments. 
Hemophilia B-serum used in most matching 
experiments (Table I) contains considerable 
amounts of prothrombin, as a consequence of 
the reduced prothrombin consumption. Dur- 
ing the thromboplastin generation test pro- 
thrombin is converted into thrombin and 
therefore may influence the results. Isen- 
schmid(9), using fibrinogen as substrate in- 
stead of calcium-free plasma, was able to 
measure the amount of thrombin formed si- 
multaneously with thromboplastin generation. 
This amount was substracted from the total 
quantity of thrombin measured with calcium- 
free plasma as substrate. In this way a “‘cor- 
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TABLE I. Matching Experiments.* 


Serun I Serum IT Mixturet Thromboplastin 
No. Me AV AME BDC Ose JAG AVG IOC OS DBE WINE IO OK generation 
‘ % % %o 
1, Mareoumar 3 -+ —~ | Hemophilia B 100 — + | 50 4+ + normal Fig. 2a 
2. Mareoumar + 110 + — 3 100 — + 105 + -+ 4 Fig. 2b 
vit. K1 
3. Hepatitis,mild 100 + — 100 100 + + aS Fig. 3 
+. Idem 100 + — | Marcouimar 40 + — 70 + — delayed 
5. Hepatic cirrho- 75 + — | Hemophilia B 100- — + | 90 + + normal 
SIS | | 
6. New-born 45 + — 100 — + 75 + + 
7. Stored normal 160 = 100 ae i) TeX!) + + 
serum (8 days) 
8. Factor lX purif. 35 + — 100 — + | 70 + + 
chromat. | 
9. Idem 35 + —- | Marcoumar 25 + — | 30 + — delayed 
10. Factor LX purif. 7 + —| Hemophilia B 100 — + | Do + + normal 
adsorpt. 
1d. Idem if + — | Marcoumar 30 + — |; 20 + -—— delayed 
12. Factor X purif. fo o<= 2 x Be eee | OY ete ingaanieill 
adsorpt. | 
13. Faetor X purif. 7 — + | Hemophilia B 100 — + | 55 — + abnormal 
14. Factor X purif. 7 — + | Factor LX purif. 7 so = 7 + + normal 


adsorpt. 


|  adsorpt. 


* All sera I and II used alone, produce an abnormal thromboplastin generation; Factor IX and X 
can be determined only approximately; + means normal, —- means diminished or lacking activity in 


thromboplastin generation test; ‘‘purif. chromat.’’? means purified by chromatography ; 


sorpt.’’ means purified by adsorption. 


‘“purif. ad- 


+ In a mixture of 2 sera resulting in normalisation of thromboplastin generation Factor IX and X 


concentrations do not exceed 50% of normal values. 
As example of normalisation see Fig. 1, 2a and b. 


rected” curve was obtained, which showed 
that normalisation of thromboplastin genera- 
tion, by mixing Marcoumar- and hemophilia 
B-serum, persists. Only the ‘‘over-normalisa- 
tion” has to be attributed to the prothrombin 
content of hemophilia B-serum. Isenschmid 
could demonstrate that thrombin has no ac- 
celerating effect on thromboplastin formation: 
therefore simple substraction of its effect is 
allowed. Another objection is furnished by 
the observation that matching of Marcoumar- 
and hemophilia B-serum does not always pro- 
duce a complete normalisation of thrombo- 
plastin generation. In fact Dicoumarol and 
its derivatives although they lower primarily 
Factor X (besides prothrombin and Factor 
VII), affect also, to a lesser degree, Factor 
TX. Marcoumar, (the Dicoumarol-deriva- 
tive we used most), lowers first the concentra- 
tion of Factor X alone, and after a week or 
2 the activity of Factor IX.  Bis-3, 3’-(4- 
hydroxycoumarinyl) - ethyl - acetate (tro- 


As example of non-uormalisation see Fig. 2¢. 


mexan), on the other hand, seems to lower 
Factor IX more rapidly. It is evident that 
hemophilia B-serum cannot normalise the 
clotting defect of a serum simultaneously de- 
ficient in Factor [IX and X. It has been sug- 
gested that a factor-X deficiency is a slight 
deficiency of Factor IX. This opinion is in 
contradiction to the results obtained by dilu- 
tion of normal serum(2) where both incuba- 
tion and coagulation time are prolonged, not 
incubation time alone. The assays with puri- 
fied factors (Table I, No. 8-14) also contra- 
dicts this opinion as well as the experiments 
illustrated in Fig. 2. Another objection was 
that an excess of antihemophilic globulin 
might explain normalisation produced by mix- 
ing hemophilia B-serum with various patho- 
logical sera (Table I). We increased the con- 
centration of antihemophilic globulin in the 
incubation mixture 5 times (by using a 1:5 
instead of a 1:25 dilution of BaSO,-plasma) 
without obtaining a normalisation of throm- 
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boplastin generation with hemophilia B or 
Marcoumar-serum. It is evident that excess 
of one clotting factor can compensate partially 
for the deficiency of another factor. A com- 
plete normalisation however has never been 
achieved by this procedure. 

Insignificant role of Factor VII in blood 
thromboplastin formation. In Table I it may 
be seen (No. 14) that thromboplastin genera- 
tion of the mixture is normal with as low a 
Factor VII content as 7% (100% Factor VII 
= normal concentration in plasma) whereas 
it is delayed with a concentration of 70% 
(No#“4 of Table I). A rise of Factor VII 
from 10 to 110% under the influence of Vit. 
K does not change significantly the delayed 
thromboplastin formation (Serum I in No. 1 
& 2 of Table I). On the other hand a de- 
crease of Factor VII in serum from 150% to 
18% in the beginning of Marcoumar-treat- 
ment did not delay thromboplastin forma- 
tion. It may therefore be concluded that 
Factor VII has very little, if any, influence in 
blood thromboplastin generation. (See also 
Pig, 2). 

Physiological properties of Factor X com- 
pared with those of Factor IX. Incubation 
mixtures are prepared with constant amounts 
of all factors necessary for thromboplastin 
formation except Factor X, the concentration 
of which is varied from 1 to 100%. As seen 
in Fig. 3 the speed of thromboplastin forma- 
tion is greatly enhanced by increasing 
amounts of Factor X, whereas the amount of 
thromboplastin produced (7.e. the clotting 
time finally reached) is practically un- 
changed. If in the incubation mixture the con- 
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FLG. 3. Influence of variable Factor X concentra- 
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centration of Factor IX is varied while all 
other factors are kept constant, the clotting 
time (corresponding to amount of thrombo- 
plastin formed) is primarily influenced (Fig. 
4), whereas incubation time differs only 
slightly. It seems therefore that Factor [X 
is a precursor of blood thromboplastin and 
that Factor X has to be considered as an ac- 
celerator of blood thromboplastin formation. 
There is another difference between the 2 fac- 
tors: in Factor IX-deficiency prothrombin 
consumption is markedly reduced whereas in 
“pure” Factor X-deficiency it is normal. 

Physico-chemical properties of Factor X. 
The properties of Factor X are almost identi- 
cal with those of serum factors VII and IX. 
However its resistance to storage is lower. It 
disappears from normal serum in a few hours 
or a few days at room temperature. It is de- 
natured at 50°C. Its affinity to BaSO, is 
more pronounced than that of Factor VII and 
IX (see method of purification). By chro- 
matography it is irreversibly adsorbed. It is 
also adsorbed by BaCO; and Caz(PO;)2. In 
diluted solution (serum 1/10 with veronal 
acetate buffer pH 7.35) it is moderately acti- 
vated at room temperature within 20 to 30 
min. 

Factor X compared to other recently de- 
scribed clotting factors. Factor X is not iden- 
tical with PTA(10), the latter being only 
slightly adsorbed on barium sulfate. Defi- 
ciency of PTA produces an abnormal throm- 
boplastin generation only if both BaSO, 
plasma and serum of the patient are used in 
the test. PTA is therefore neither adsorbed 
on BaSO, nor consumed during coagulation. 
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Two new clotting factors described by 
Spaet(11) and Ratnoff(12) are not identical 
with factor X because they are not adsorbed 
on barium sulfate. 


Summary. 1. A new clotting factor, factor 
X, participating in blood thromboplastin for- 
mation is demonstrated by matching experi- 
ments with various pathological sera. The 
possible influence of thrombin and factor VII 
is eliminated. The objection that factor X 
deficiency may be nothing else than a slight 
deficiency of factor [X is discussed. This 
hypothesis is in contradiction with our results. 
2. Factor X is present in normal serum and 
in hemophilia B-Serum, absent in hepatitis- 
serum and in serum of Marcoumar-(Dicou- 
marol derivative) treated patients. The af- 
finity of factor X to barium sulfate is greater 
than that of Factor VII and [X. This prop- 
erty is utilised for the purification oi Factor 
X. 3. Factor X is not identical with PTA 
and the new factors of Spaet eft al. and of 
Ratnoff ef al. 
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From the Laboratory of Physiopathology, Brussels University Medical School. 


There are still uncertainties concerning the 
collosal connections of the visual area. The 
anatomical(1-3) and the oscillographic data 
are equivocal. Reactions of the area to a 
synchronized volley of callosal impulses have 
been found in the cat by Curtis(3) and also 
(from his experimental map) by Garol(4). 
But Curtis(3), McCulloch and Garol(5), 
Bailey, Bonin and McCulloch(6) were un- 
able to discover any commissural connections 
from area 17 in the cat, the monkey and in 
the chimpanzee. 

In the unanesthetized cat (‘“encéphale 
isolé”’ préparation) callosal responses of the 
visual area, which can be recorded with great 
regularity, have revealed. special features 


* Supported by a grant of the Rockefeller Foun- 
dation. 


which seem of interest. 


Methods. All observations have been done 
on adult cats after an initial ether narcosis 
during which the spinal cord had been cut at 
the C, level, the optic nerve prepared on one 
side and the cortex exposed on both sides. 
The callosal volley was produced by a 
thyratron shock of 0.5 millisecond duration 
applied to a point of the contralateral gyrus 
lateralis symmetrical to the point whose po- 
tentials were recorded. The responses of vari- 
ous other areas were displayed simultaneously 
on the second beam of the cathode ray oscil- 
loscope. The differential amplifier systems 
had an overall time-constant of 0.1 sec. The 
cortical stimulation was bipolar, the recording 
of the potentials monopolar. The response 
of the visual area I to shocks on the contra- 
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FIG. 1. A: Responses of area I (upper traces) 

and of suprasylvian gyrus to a shock on econtra- 

lateral optic nerve (negativity upwards) ; 5 succes- 

sive sweeps taken at 10 second intervals show 

lability of the slow phases of the response, con- 

trasting with the stability of its spike-like com- 
ponents; time marks: 10 msec. 


lateral optic nerve or to brief flashes of light 
were recorded for comparison. 

Results. It seems opportune to recall first 
the characteristic pattern of the reaction of 
the visual area I to a volley of geniculo- 
cortical impulses. As described by Bartley 
and Bishop(7), the distinctive feature of the 
response is its beginning by a succession of 
surface-positive spike-like deflections, labeled 
1, 2 and 3 in Fig. 1 (see also Figs. 2A, 3B), 
preceding the slower diphasic oscillation 
(positive-negative) which constitutes the re- 
action of all isocortical areas to a volley of 
afferent impulses (see Fig. 2B). Our own 
analysis has led us to endorse the conclusion 
of Chang and Kaada(8), but not confirmed 
by Bishop(9), that these initial spike-like de- 
flections all represent radiation potentials 
assignable to the activities of different systems 
of geniculo-cortical neurones. As such these 
components of the response are much less 
labile than the following slower positive-nega- 
tive complex which expresses the post-synap- 
tic reaction of cortical neurones (Fig. 1, up- 
per traces). This typical pattern is observed 
in all divisions of visual area I, with an even- 
tual variation of amplitude of its components 
(Fig. 2A). Paravisual areas (Fig. 1, lower 
traces) show small dips in phase with the 
spikes of the visual area and probably repre- 


senting the field effects of radiation potentials. 

The recording of the response of the same 
visual area to a callosal volley revealed an 
analogous pattern to the sensory reaction just 
described, and quite unlike the callosal re- 
sponse of other cortical regions (Fig. 2C) for 
the acoustic area. Like the sensory response 
it is characterized by an initial succession of 
spike-like deflections preceding the slower po- 
tential and encroaching upon it. Callosal 
response from 3 different experiments is re- 
produced in Fig. 3B, C (upper trace) and D. 
The analogy is particularly striking between 
the lower trace of Fig. 2A and the upper 
trace of Fig. 3C because of the small ampli- 
tude of the slow components of the responses 
in both cases. 

Except for small field effects (Fig. 3C, 
lower trace), the typical response is limited 
to the visual area. It is completely abol- 


FIG. 2. A: Responses of middle portion of visual 

area (upper trace) and of posterior portion to op- 

tie nerve shock; B: auditory area I, response to 

a click; C: auditory area I, response to a shock 

on symmetrical point of opposite hemisphere; 
time: 10 msee. 
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Via. 3. A: Callosal response of visual area I; 
B: same cat, response of same point of visual 
area to optie nerve shock; C: another cat, callosal 
response of visual area I (upper trace) and of 
suprasylvian gyrus. D and KE, another cat; D: cal- 
losal response of visual area 1; E: complete dis- 
appearance of response after section of corpus 
callosum. 


ished by the section of the corpus callosum 
(Fig. E) and it can exert on the sensory 
response (to an optic-nerve-shock or to a 
flash) following it the same facilitatory effect 
which has been described for the acoustic 


area(10,11). The precession of a callosal 
volley may treble the voltage of the sensory 
response. As for the acoustic area, the facili- 
tatory modification is not related to any slow 
wave following the callosal volley and is a 
long lasting phenomenon, with a regular curve 
of decay sometimes not ended after 150 msec. 

The experimental analysis which suggests 
that the spike-like deflections of the sensory 
response are fiber potentials leads to the same 
conclusion for the spikes of the callosal re- 
sponse. Like the sensory spikes they are un- 
affected by a local strychnization or by a nar- 
cotic depression, which strongly affect the 
later slower components of the response. 
They are picked up from the underlying white 
matter after excision of the visual cortex. 
When the stimulating shock is applied directly 
on the relevant callosal fibers on the midline, 
the spacing of the spikes is reduced, a logical 
consequence of the shortening of the conduc- 
tion distance for impulses which are supposed 
dispersed on account of their different veloci- 
ties(12). 

Conclusions. This being so, the formal 
analogy between the sensory and the callosal 
response of the visual area seems to indicate 
that the system of retino-geniculo-cortical 
fibers (and neurones) which is responsible for 
the characteristic pattern of the sensory re- 
sponse is prolonged beyond the _ primary 
visual cortex in the commissural fiber-tract 
connecting the left and right homologous 
areas. As a physiological interhemispheric 
transfer between homologous receiving areas 
(visual, auditory and somatosensory) has 
been demonstrated by psycho-physiological 
(13) and electro-physiological(14) experi- 
ments, the raison d’étre of the callosal pro- 
longation of this system seems to be looked 
for in the necessity of conserving the spatio- 
temporal pattern, and correlatively the infor- 
mation, of the sensory message during its in- 
terhemispheric transfer. 

Summary. The reaction of the visual area 
in the unanesthetized cat to a synchronized 
volley of callosal impulses is markedly similar 
to the response of the same area produced by 
a shock on the optic nerve. Like this response, 
it is characterized by an initial succession of 
spike-like deflections preceding the slower 
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cortical potentials. Various controls (confirm- 
ing Chang and Kaada’s conclusion for the 
sensory response) indicate that these spike- 
like potentials are in both cases afferent fiber 
potentials, and thus represent presynaptic 
events for the cortical neurones. The signifi- 
cance of the jormal analogy between the sen- 
sory and the callosal response of visual area 
is discussed. A callosal volley can exert on a 
subsequent sensory response of the visual area 
the same facilitatory effect which has been de- 
scribed by the author for auditory-callosal 
and -sensory impulses. 
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Influence of Pyridoxine on Transaminase Activity of Human Placenta, 


Maternal and Fetal Blood.* 


(21929) 


M. B. GLENDENING, A. M. CoHEN, AND E. W. Pace. 


From the Department of Obstetrics and Gynecology, University of California School of Medicine, 
San Francisco. 


The response of pregnant women to trypto- 
phane(1,2) and pyridoxal loading tests(3) 
are characteristic of subjects with vit. B, de- 
ficiency (4,5). The abnormal excretion of xan- 
thurenic acid after tryptophane loading can 
be abolished by daily administration of 10 mg 
of pyridoxine hydrochloride(6). This would 
imply that the altered tryptophane metab- 
olism in normal pregnancy is the result of a 
deficiency in vit. B;. Nevertheless, Vilter e¢ 
al.(7) were “unable to demonstrate any other 
evidence of vit. B,; deficiency by blood, urine, 
or tissue levels of this vitamin, or by measur- 
ing output of pyridoxic acid in urine.” It 
would seem desirable, therefore, to search for 
some other evidence of vit. Bs deficiency to 
justify large supplements of pyridoxine to 
diets of pregnant women. There is consider- 


* Supported iby grants from the National Heart 
Institute of the National Institutes of Health, Public 
_ Health Service; and from the Christine Breon Fund. 


able evidence that pyridoxine derivatives, 
pyridoxal phosphate and pyridoxamine phos- 
phate, serve as coenzymes of transamination 
reactions(8). Some tissues of pyridoxine de- 
ficient animals have a reduced transaminase 
activity. 

Therefore, we investigated the effect of 
pyridoxine ‘supplements on transaminase ac- 
tivity of certain fetal and maternal tissues. 
Blood levels were studied, inasmuch as Marsh, 
Greenberg and Rinehart(9) have demon- 
strated a correlation between pyridoxine in- 
take and glutamic-aspartic transaminase ac- 
tivity of hemolyzed blood in monkeys and 
man. The placenta was also studied because 
it is the only other available fetal tissue. 


Methods. Subjects were divided as _fol- 
lows: Group I: Ten non-pregnant healthy 
women who did not receive a pyridoxine sup- 
plement. Group II: Eighteen pregnant 
women without pyridoxine supplement. 
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Group III. Eight pregnant women who re- 
ceived 10 mg pyridoxine hydrochloride per 
day during the last 4-6 weeks of pregnancy.t 
Transaminase activity was measured on 
bloods of Groups I to III and on placentas of 
Groups IT and IfI. Cord bloods as well as 
maternal bloods were collected in 10 sub- 
jects of Group II. Blood samples from preg- 
nant women were collected at time of deliv- 
ery, using potassium oxalate as the antico- 
agulant. After aliquots were removed for 
cell counts and hematocrit levels, the remain- 
der was repeatedly frozen and thawed in an 
equal volume of distilled water. Hemolyzed 
blood was centrifuged lightly for one minute 
and the clear red supernate used for trans- 
aminase determinations. Freshly delivered 
placentas were drained of blood, placed in 
plastic bags and stored in frozen state. Breis 
were prepared by dissection and homogeniza- 
tion for 20 seconds in a cold Waring Blendor. 
Undiluted breis were routinely freed of con- 
nective tissue and frozen before further ex- 
traction. Frozen breis retained their original 
activity for several months despite repeated 
freezing and thawing. At the time of deter- 
mination, 0.5 g of freshly thawed brei were 
ground in a cold mortar and transferred to a 
graduated centrifuge tube with small portions 
of ice cold 0.1 M phosphate buffer, pH 7.4. 
The final volume was adjusted to 10 ml. The 
homogenate was centrifuged lightly for one 
minute and 0.2 ml of supernate used in each 
tube for transaminase determinations. Glu- 
tamic-aspartic transaminase activity was de- 
termined by a modification of the method of 
Tonhazy, White and Umbreit(10). The re- 
agents were the same as those of the original 
method except that trichloracetic acid was 
omitted because of high blank values in its 
presence. Instead, enzyme reaction was 
stopped with aniline citrate to which had been 
added hydrochloric acid equivalent to the 
trichloracetic acid omitted. Blanks and stand- 
ards contained the same amount of homoge- 
nate and substrates as did the reaction mix- 
tures. The substrates (and pyruvate in the 


t We are indebted to the Stuart Co. for a generous 
supply of their Prenatal Capsules, some of which 
were specially prepared free of pyridoxine. 


TABLE I. Transaminase Levels in Blood. 


Transaminase 
No. in activity 
Group group (yl oxalacetate) 
1. Non-pregnant women 10 134 E29F 
Il. Pregnant women 18 748 + 173 
III. Idem + 10 mg pyri- 6 984 + 129 
doxine HC] daily 

IV. Cord bloodst 10 


1467 + 194 


* Means and stand. dev. of observations. 
+ From babies of 10 of the women of Group II. 


standards) were added after the aniline citrate 
reagent in the blanks and standards. Inordi- 
nately high blanks were obtained if alpha- 
ketoglutaric acid was omitted. It was neces- 
sary to use the means of triplicate determina- 
tions for blanks, standards and reaction mix- 
tures to obtain consistent results. Some of 
the difficulties encountered with this method 
have been discussed by Marsh, Greenberg and 
Rinehart(9). Preliminary investigation indi- 
cated that Qy'", as defined by Tonhazy, et al. 
(10), best expressed enzyme activity for com- 
parison between placentas. The activity of 
blood was expressed as the number of pl of 
oxalacetate formed per hour per ml of blood. 
calculated from the amount of pyruvate ob- 
tained after incubation of 0.1 ml of blood for 
10 minutes.+ 

Results. Levels of transaminase in blood 
samples are shown in Table I. Pregnancy ap- 
peared to have no effect. Addition of 10 mg 
of pyridoxine hydrochloride to the daily diet 
of pregnant women for several weeks resulted 
in a significant increase in transaminase ac- 
tivity (P<0.01). In contrast to effect on 
blood activity, supplements of pyridoxine had 
no effect on the transaminase activities of the 
placentas. The mean Q,!° values with stand- 
ard deviations were 37.9 + 6.2 and 35.3 + 
6.0 for the supplemented and unsupplemented 
groups respectively. Cord bloods all contained 
high concentrations of transaminase activity. 
There was no correlation between blood levels 
of mothers and those of their infants. Al- 
though transaminase activity does exist in 
plasma(11), the method used is not sensitive 
enough for its measurement. Therefore, the 


+ Units, expressed as ug of sodium pyruvate/10 
min./ml of blood(9), multiplied by the factor 1.22 
correspond to the units used here. 
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TABLE II. Red and White Blood Cell Counts. 
Ten patients in each group. 


agp 1835 (0r Wir BaGe 


Group (millions) (thousands) 


I. Non-pregnant women 444 + 8* 8.2 +1.8 
Il. Pregnant women 4.744+1.1 16.0 + 3.4 
(during delivery) 
4.76 + .4 


IV. Cord bloods 16.4 + 3.7 


* Means and stand. dey. 


variations noted must have occurred in activi- 
ties of individual cells, or in the number of 
cells, or both. The red cell counts of cord 
bloods did not differ significantly from those 
of any other group, nor did the white cell 
counts of cord bloods differ from those of 
mothers, although both were twice those of 
the non-pregnant controls (Table II). It 
would, therefore, appear that the activity of 
fetal blood cells was exceptionally high, when 
compared to maternal or non-pregnant sub- 
jects. 

Transaminase activity of blood could be 
influenced very rapidly by raising the level of 
pyridoxine ingestion. This was demonstrated 
in the case of a patient hospitalized for mild 
toxemia (Table III). After transaminase ac- 
tivity had been determined on a control 
blood sample, 150 mg of pyridoxine hydro- 
chloride per day were given by mouth. On 
the third day of supplementation, the trans- 
aminase activity showed an increase of 81%, 
and 32 hours later, an increase of 120%. 
Transaminase activity of cord blood fell with- 
in the range of those from unsupplemented 
mothers. 

Discussion. The average American daily 
diet contains from 1.4 to 1.7 mg of pyridoxine 
(12). On the basis of observations of Marsh, 
Greenberg and Rinehart(9), it would be ex- 
pected that a true deficiency of vit. By should 
result in blood transaminase lévels signifi- 


TABLE III. Effect of Pyridoxine Supplements on 
Blood Transaminase in the Same Individual. 


Transaminase R.B.C. W.B.C. 
Time of sample (yloxalacetate) (mill.) (thous.) 


8/10/54 390 4,54 9.4 
(control level) 
8/13/54 661 4.46 9.4 
msj14° | * 855 4,88 18.4 
Cord blood 1660 5.10 20.8 


* Immediately after delivery of baby. 


cantly lower than those found in healthy non- 
pregnant subjects. No significant difference 
was found as the result of normal pregnancy. 
Pregnant women responded to By supplements 
with increased levels of blood transaminase, 
but this is equally true in non-pregnant sub- 
jects(9). 

Placental transaminase activity was not in- 
fluenced by the pyridoxine supplements. This 
could mean that glutamic-aspartic trans- 
aminase activity of the human placenta, like 
that of the adult rat liver(13), is relatively in- 
sensitive to profound changes in vit. Bg con- 
centration, or more likely, that it has accumu- 
lated from maternal sources an optimal sup- 
ply of pyridoxine. Transaminase activity of 
term placenta, expressed as units/mg of sol- 
ids, is considerably higher than fetal cord 
blood, which itself is much higher than ma- 
ternal blood. 

With respect to fetal blood, the data sug- 
gest that the infant’s transaminase system is 
well supplied with pyridoxal or pyridoxamine 
cofactors, perhaps at the mother’s expense. If 
this is a “desirable situation” for the fetus, it 
might be reasoned that it should be desirable 
for the adult. The pregnant woman may be 
able to maintain a “normal” blood trans- 
aminase level, by non-pregnant adult stand- 
ards, and still have insufficient reserve on 
which to draw under such conditions of stress 
as tryptophane loading. If one assumes, how- 
ever, that increasing the transaminase level of 
maternal blood by pyridoxine supplements is 
desirable, the same reasoning would hold true 
for the non-pregnant adult population. 

Summary. 1. The glutamic-aspartic trans- 
aminase activity of whole blood from normal 
pregnant subjects is essentially the same 
as in non-pregnant subjects. Activity is sig- 
nificantly increased by supplementing the diet 
with 10 mg of pyridoxine daily. Transamin- 
ase activity of fetal blood is twice as great as 
in maternal blood in mothers not receiving ad- 
ditional vit. Bg. The transaminase activity of 
placental tissue is not altered by prior admin- 
istration of pyridoxine for several weeks. 2. 
The results suggest that fetal tissues contain 
optimal quantities of By, whereas adults, both 
pregnant and non-pregnant, contain  sub- 
optimal concentrations for peak enzymatic 
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activity. The method employed is not suf- 
ficiently sensitive to demonstrate a reduced 
“reserve” of Bs in normal gestation, but the 
data are compatible with the view that pyri- 
doxine supplementation is desirable in human 
pregnancy. 
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(Introduced by Albert Tyler.) 


From the Kerckhoff Laboratories of Biology, California Institute of Technology, Pasadena. 


2,4-Dinitrophenol (DNP) has a_ similar 
effect on many metabolic systems(1), stimu- 
lating respiration and inhibiting energy-re- 
quiring processes in low concentrations and 
inhibiting respiration as well as endergonic 
processes in high concentrations. Lardy and 
Phillips(2) showed that DNP stimulates res- 
piration of bull sperm and reduces sperm mo- 
tilitv. Since metabolism of sea-urchin sperm 
differs in several respects from that of mam- 
malian sperm(3,4), it was of interest to ex- 
amine the effect of DNP on sea-urchin sperm. 
Dinitrophenol stimulates respiratory rate and 
causes a reversible block to cleavage in sea- 
urchin eggs(5,6), but no investigations have 
been reported concerning the effect of DNP 
on sea-urchin sperm. Sperm of sea urchins 
and other animals exhibit “Dilution Effect” 
(4), characterized by rapid decrease in length 
of motile life and fertilizing capacity of sperm, 
and by temporary rise in respiratory rate, 
upon dilution of the suspension, the rate then 
falling off toward zero as sperm lose their 
motility. | Metal-chelating agents, such as 


elycine and ethylenediamine tetracetic acid 
(Versene), can largely abolish the symptoms 
of the “Dilution Effect” (7-9), 7.e. they extend 
the life span of sea-urchin sperm and suppress 
the temporary rise in respiratory rate, main- 
taining respiration at a low, relatively steady 
level. 

It was, therefore, of interest to examine the 
effect of DNP on sea-urchin sperm in the 
presence of a metal-chelating agent such as 
Versene. 

Materials and methods. Sperm from the 
sea urchin Strong ylocentrotus purpuratus were 
used. Oxygen consumption was measured 
with the Warburg respirometer. Dry semen 
was diluted to a concentration of 4 x 108 to 6 
x 10° cells per ml with sea water or with 
10°*M Versenet in sea water, and 3 ml of 
these suspensions were placed in the main com- 
partments of 25 ml Warburg flasks; the gas 
space in the flasks contained air: COs was ab- 
sorbed with alkali. Experiments were done at 
17.8°C. Dinitrophenol (0.3 ml) was added to 
sperm suspensions from magnetically control- 


_* Postdoctoral Fellow of the National Science 
Foundation. 


+I am indebted to Versenes Inc.. Framingham, 
Mass., for samples. 
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FIG. 1. Effeet of DNP on 8S. purpuratus sperm suspended in 10-*M Versene. Curves were de- 
termined in separate experiments; respiratory rates were averaged for duplicate flasks. 


led cups to give the final concentrations men- 
tioned below The pH of Versene and DNP 
solutions was adjusted to that of sea water 
(pH 8.00 to 8.05), and the osmotic pressures 
were approximately that of sea water. Tripli- 
cate test and control flasks were run in each 
experiment. Two flasks of each set were used 
for measuring oxygen consumption, and sperm 
motility observed periodically by removing 
samples from the third flask. 

IRESULES eet 10s Ore MM and= 10°. 
DNP had no appreciable effect on respiration 
or motility of sperm suspended in sea water. 
At concentrations between 2 x 107M and 5 
x 104M, DNP inhibited respiration and mo- 
tility, the degree of inhibition increasing as 
the concentration of DNP was increased. In- 
hibition of motility could be reversed by 
washing and resuspending the treated sperm 
in fresh sea water. 

The response of some systems (including 
bull sperm) (10) to DNP depends on the ini- 
tial respiratory rate of the system(1), 7.c., the 
lower the respiratory rate, the more it can be 
stimulated by DNP. Sea-urchin sperm have 
a relatively high respiratory rate when sus- 
pended in sea water because of the ‘Dilution 
Effect.” Thus, it seemed possible that if the 
respiratory symptom of the “Dilution Effect” 
were suppressed, DNP might then stimulate 
sperm respiration. Respiration was controlled 
by suspending the sperm in 10°M Versene 
(9), the sperm in this diluent having an ini- 
tial respiratory rate from 25% to 65% of the 
initial rate of sperm in sea water. 

Sperm in Versene were treated with 10°M, 


LOTAM = 27x" 10-4AMi rand xe lO“ MEN At 
10 'M, DNP initially stimulated respiration 
to 280% of the control rate (Fig. 1), the 
respiratory rate of the treated sperm falling 
below the control rate within 8 hours. The 
other concentrations of DNP gave less stimu- 
lation, and respiration fell below the control 
rate more quickly as concentration of DNP 
was increased. Except at 5 x 10*M, DNP 
did not detectably inhibit sperm motility until 
after the respiratory rate of treated sperm fell 
below that of controls. At 5 x 104M, DNP 
inhibited the motility of Versene-treated 
sperm by about 40% (visual estimation) 
within 20 minutes, and the life span of treated 
sperm was shorter than that of control sperm 
Cai, 2). 


o—o sperm + sea water (control ) 
e@—e sperm+ DNP 


yl. Oo CONSUMED 


° 2 3 5 6 7 B 
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HOURS 
FIG. 2. Inhibition of motility and dissociation of 
respiration from motility by 5 X 10*M DNP, 
sperm in Versene (10°M). Points represent aver- 
ages for duplicate flasks. Numerals represent mo- 
tility ratings (visual estimation), initial motility 
rating — 100. Arrow indicates when DNP was 
added to sperm. (After curves cross, motility rat- 
ings are still placed next to curve to which they 

refer.) 
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FIG. 3. Protective effect of Versene (10%M) on 
S. purpuratus sperm in 5 X 10%*M DNP. Points 
represent averages for duplicate flasks. Numerals 
represent motility ratings (visual estimation), in- 
itial motility rating = 95. 


Versene, as compared to sea water, had a 
protective effect on sperm treated with 5 x 
10*M DNP (Fig. 3). When DNP was 
added to sperm in sea water motility was in- 
hibited within 15 minutes, and the sperm 
rendered completely immotile within 3 hours. 
Versene, added simultaneously with DNP, 
reduced the initial inhibition of motility and 
prolonged the life span and respiration of 
DNP-treated sperm for 3 to 5 hours. 

Unbuffered sea water was used in these ex- 
periments, because buffers that might have 
been used, such as glycylglycine(11), would 
be likely to affect respiration by virtue of 
chelating or other specific effects. As a result, 
the pH of the sperm suspensions in the flasks 
increased with time (as sperm respiration de- 
clines and less respiratory CO, is produced, 
the KOH in the alkali cup begins to extract 
COs from the sea water diluent). Since DNP 
penetrates cells more easily as an undissoci- 
ated molecule than as an ion(12), pH changes 
alter the effective concentration of the inhibi- 
tor. In these experiments, however, the pH of 
the sperm suspensions in the Warburg flasks 
did not change appreciably for 1 to 3 hours, 
indicating that the differential effect of DNP 
in the presence and absence of Versene was 
not due to differences in pH of the suspending 
media. 

Discussion. Dinitrophenol at low concen- 
trations can inhibit energy-requiring processes 
by blocking oxidative phosphorylation and 
thereby reducing the amount of adenosine- 


triphosphate available to the cell(13). Since 
respiration is stimulated as this inhibition oc- 
curs, DNP, in effect, ‘“uncouples” respiration 
from endergonic metabolism. Dinitrophenol 
apparently effects some “uncoupling” of res- 
piration and motility with S. purpuratus 
sperm. Thus, at 5 x 10*M DNP inhibits 
motility while slightly stimulating respiration 
(Fig. 2). At lower concentrations, however, 
DNP does not inhibit motility as it stimulates 
respiration, but ‘uncoupling’? occurs in the 
sense that the increase in respiratory rate is 
not accompanied by an increase in sperm ac- 
tivity. 

In addition to inhibiting oxidative phos- 
phorylation, DNP also stimulates the adeno- 
sine triphosphatase (ATPase) activity of 
some tissues(14), the two effects sometimes 
being interrelated(13). It is interesting, then, 
that Versene and DNP have the same quali- 
tative effect on the activity of rat-brain 
ATPase(15) as they have on the respiration 
of sea-urchin sperm. Thus, DNP stimulates 
the ATPase activity of rat-brain homogenates, 
but only after the initially high activity of the 
preparations has been reduced by treatment 
with ethylenediamine tetracetate. 

The effect of DNP on respiration and mo- 
tility of sea-urchin sperm may involve both 
an inhibition of oxidative phosphorylation and 
a stimulation of sperm ATPases. 

It is apparent that DNP and dilution have 
similar effects on S. purpuratus sperm. Both 
shorten the life span and stimulate respira- 
tion of sperm, DNP not having a stimulatory 
effect until that of dilution has been abolished 
by Versene. Also, both seemingly cause some 
dissociation of respiration and motility; for 
dilution this is suggested by the fact that Ver- 
sene reduces the high respiratory rate of di- 
luted sperm without reducing sperm motility. 

As the concentration of DNP is increased. 
DNP and the agent responsible for the “Dilu- 
tion Effect” seem to have an accumulative in- 
hibitory effect on sperm respiration and mo- 
tility. 

These similarities raise the possibility that 
the effects of dilution and DNP occur through 
similar mechanisms. Thus the “Dilution Ef- 
fect” may involve an inhibition of oxidative 
phosphorylation or an increase in the activity 
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of a sperm ATPase, perhaps one not associ- 
ated with motility. 

Summary. Low concentrations of DNP 
did not stimulate respiration or affect motility 
of sea-urchin sperm suspended in sea water; 
high concentrations of DNP inhibited sperm 
respiration and motility, the inhibition of 
motility being reversible. | Dinitrophenol 
stimulated the respiratory rate of sperm in the 
presence of Versene and caused respiration to 
be partially dissociated from motility. Ver- 
sene, as compared with sea water, prolonged 
the motile life and respiration of sperm 
treated with high concentrations of DNP. 
Dinitrophenol and dilution have similar ef- 
fects on sea-urchin sperm, raising the possi- 
bility that both act through similar mech- 
anisms. 
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M. R. SHETLAR AND YANNA F. MASTERS. 


From the Research Laboratory, VA Hospital, and Department of Biochemistry, University of 


Oklahoma School of Medicine, 


Human cartilage has been subjected to 
chemical analysis by Hass(1) who studied 
the effect of aging on its composition. His 
methods for studies of polysaccharide com- 
ponents consisted of the determination of re- 
ducing substances and of sulfate in washed 
cartilage after hydrolysis with 4.2 N HCl. 
All of the sulfate and one-half of the reducing 
substances were assumed to be derived from 
chondroitin-sulfuric acid under these circum- 
stances. As methods for hexosamine, hexose, 
and uronic acids are now available and have 
been used in this laboratory for studies of tis- 
sue, it is possible to make more specific studies 
of the polysaccharide moieties of cartilage. 
The following study was accordingly ini- 
tiated. 


Methods. Costal cartilage samples were 


Oklahoma City. 


obtained at autopsy from patients who had 
died from a number of different pathological 
conditions. The cartilage was freed from ex- 
traneous tissue, cut in fine pieces with a surgi- 
cal knife and dried in a vacuum oven at 60°C. 
The dried cartilage was ground to pass 
through a 60 mesh screen. 

Uronic acid was determined by a method 
which was modified from the carbazole meth- 
od of Dische(2). Ten mg samples of cartilage 
were weighed into glass stoppered test tubes 
(16x 150mm). Ten ml of 85.7% by volume 
of sulfuric acid (concentrated H2SO,; Sp. Gr. 
1.84, diluted 6:1 with distilled water) were 
added and the tubes placed in a boiling water 
bath for 15 minutes. After cooling 2 ml ali- 
quots were pipetted into each of 3 glass stop- 
pered test tubes. Twelve ml of 85.7% sul- 
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TABLE I. Uronie Acid and Hexosamine Contents* of Human Costal Cartilage. 


ee ee ee ee 
oo 


Chondroitin — Hexosamine — 
Age group No Uronie acid sulfatet Total Excesst 
Fetal 5 7.8 (7.4-8.0) 19.1 8.2 (7.9-8.5) 1.0 ( .6-1.1) 
Newborn 2 7.5 (7.37.7) 18.4 8.7 (8.5-8.9) 1.3 (1.2-1.4) 
4 mo 1 7.0 Mee (ict 1.6 
6-11 yr 2 3.6 (3.6-3.7) 9.0 6.1 (6.0-6.2) 2.7 (2.6-2.8) 
25-40 ” 5 3.3 (2.9-3.9) 8.0 7.3 (6.9-7.7) 4.3 (3.44.6) 
41-55 ”’ 5 2.4 (2.0-3.2) 5.8 6.8 (5.4-7.7) 4,6 (3.9-5.1) 
56-70 ” 10 1.6 (1.3-1.9) 4.0 6.1 (4.9-6.6) 4.6 (3.6-5.0) 
71-88 ” 4 1.3 (1.1-1.6) B.2 5.4 (4.7-6.0) 4.3 (3.6-4.6) 
* All results are expressed as % of dry material. 
+ Caleulated from uronie acid data using factor 2.46. 
t Hexosamine in excess of that caleulated to be in the chondroitin sulfate. 


furic acid were added to each tube. The tubes 
were cooled 10 minutes in an ice bath. 0.4 
ml of carbazole reagent (0.1 g/100 ml abso- 
lute ethanol) was added to 2 of the tubes; 0.4 
ml of absolute ethanol was added to the third 
tube which served as an experimental blank. 
The tubes were mixed by inversion and placed 
in a 37°C incubator for 1 hour and then in a 
30°C water bath for 1 hour. Samples were 
then read in a Coleman Spectrophotometer at 
530 mu against the respective blank. A 
standard solution of glucuronic lactone* 
equivalent to 100 pg of glucuronic acid in 2 
ml of water was cooled 10 minutes in an ice 
bath and then diluted with 12 ml of concen- 
trated H,SO,y. It was hydrolysed for 20 min- 
utes in the boiling water bath. After cooling 
for 10 minutes in the ice bath, the carbazole 
reagent was added and the tubes were carried 
through the procedure as described above. 
This standard was read against a blank con- 
taining glucuronic lactone, sulfuric acid and 
absolute alcohol, subjected to the same pro- 
cedure. Hexosamine was determined by a 
modified Elson-Morgan method as previously 
described by Shetlar, ef al.(3). 


Results. Results of analytical determina- 
tious are summarized in Table I. It can read- 
ily be seen that uronic acid is quite high in 
young cartilage, but decreases drastically in 
cartilage of children and mature individuals 
and decreases even more in old age. Hexosa- 
mine content also decreases with age, but the 
decrease is much less striking than it is for 
uronic acid. If one assumes that all the 
uronic acid of cartilage is contained in chon- 


* General Biochemicals, Chagrin Falls, O. 


droitin sulfuric acid, the latter component | 


may be calculated from the uronic acid con- 
tent. 
be assumed to be contained in neutral poly- 
saccharides with hexosamine and hexose as 
carbohydrate constituents. These calculated 
data indicate that although the acid polysac- 
charide of cartilage decreases with age, neu- 
tral polysaccharide increases in cartilage until 
maturity. After maturity no appreciable 
change of neutral polysaccharide occurs. 
Discussion. The chondroitin sulfate values 
reported in Table I are in general somewhat 
lower than those reported by Hass(1). These 
differences may be due to the different meth- 
ods used to arrive at the values found for 
chondroitin sulfate. Hass assumed that one- 
half the reducing substance and all of the sul- 
fate of cartilage was derived from the chon- 
droitin sulfate. Obviously these are only ap- 
proximations. It is noteworthy that results 
obtained by isolation as reported by Hass are 
much lower, cartilage from 35, 46, 50, and 66- 
year-old individuals having 11.4, 8.5, 6.9, and 
3.8% of chondroitin sulfate, respectively. 


These results compare more favorably with 
The other possibility is 


the data of Table I. 
that the uronic acid determinations made as 
described above are too low. In the presence 
of some proteins the carbazole method does 
give results which are too low(2). However, 
optical densities of glucuronic acid lactone 
solutions carried through the analytical pro- 
cedure described above were not affected by 
the presence of gelatin in concentrations 
equivalent in nitrogen content to that found 
in cartilage. Further studies of the carbazole 
method are in progress. 


The excess hexosamine may logically | 
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In any case the data of Table I indicate 
chondroitin sulfate is higher in young carti- 
lage and decreases with age. Hass reported 
an increase between ages 2 and 21 followed by 
a gradual decline. The data obtained in this 
study confirmed the gradual decline after 21 
vears, but were insufficient between the ages 
of 2 and 21 to confirm or fail to confirm the 
observation of an elevation between these 
ages. Hass’ studies did not include cartilage 
samples from fetal or of newborns which have 
a uronic acid content much higher than that 
of children. When such data are considered, 
it appears that a high acid polysaccharide 
level is characteristic of young growing carti- 
lage and may be correlated with active pro- 
liferation. A more rapid fixation of sulfate 
in young tissue has been reported(4,5). This 
fixation in part is probably a reflection of a 
higher chondroitin sulfate content. 

Conclusions. A study was made of the 
polysaccharide constituents of cartilage from 


[eS) 
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individuals of various ages. Fetal cartilage 
was found to be very High in uronic acid. The 
uronic acid content was strikingly lower by 
the sixth year and then declined slowly with 
age. Hexosamine in excess of uronic acid in- 
creased with age until maturity was reached 
after which there was no appreciable change. 


The authors are indebted to Dr. C. D. Tool, Path- 
ologist, VA Hospital, for samples of adult cartilage 
and to Miss Jeanne Green, Pathology Department, 
University of Oklahoma School of 
samples of fetal cartilage. 
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Supernates.* 
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T. N. Hargis. 
From the Rheumatic Fever Research Laboratory, Children’s Hospital of Philadelphia, Department 
of Pediatrics, School of Medicine, University of Pennsylvania. 


Recent research on the etiology of rheu- 
matic fever has been directed at the only 
known association of this disease with any 
microorganism—association with hemolytic 
streptococcus. This relationship, which has 
been reviewed in terms of epidemiologic(1), 
serologic(2,3) and bacteriologic(4) data, sug- 
gested to several investigators that some im- 
munologic relationship might exist between a 
substance derived from the hemolytic strep- 
tococcus and the tissues of the rheumatic host. 
Within the area of metabolic products of the 
streptococcal cell there has been considerable 
study of those antigens which have some bio- 


* This investigation was supported by Research 
Grant H-869 from the National Heart Institute of 
the National Institutes of Health, U. S. Public 

Health Service. 


logic or biochemical activity, and to which 
antibodies can be measured in neutralization 
tests. Such streptococcal antigens include the 
hemolysins, hyaluronidase, desoxyribonu- 
clease and kinase (plasminogen activator). 
Other possible antigens, to which antibodies 
would be measurable by aggregation phe- 
nomena, have not been studied except for 2 
studies of hemagglutination reactions with 
streptococcal supernate concentrates(5,6). 
The present report concerns an investigation 
of this potential group of streptococcal anti- 
gens. 

Methods and materials. Medium. Strep- 
tococci were cultivated in either of 2 media, a 
dialysate medium and, for the most part, in 
the synthetic medium described by Bern- 
heimer and Pappenheimer(7). The dialysate 
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medium was prepared by dissolving dehy- 
drated dextrose broth (Difco) at 20 times the 
concentration used in preparing ordinary me- 
dium and dialyzing this solution in cellophane 
bags against 19 volumes of distilled water in 
a rotating dialyzer for 18 hours at 4°C. The 
pH of the resulting dialysate, (6.5), was 
brought to 7.2 by addition of molar NaOH. 
After sterilization in the autoclave, one-tenth 
volume of sodium bicarbonate was added. 
This medium, or the synthetic medium, was 
seeded with an overnight culture of 8-hemo- 
lytic streptococci, the inoculum being 4% of 
the volume of the medium. Concentration of 
culture supernates. The combined cultures 
of each day were pooled, after adjustment of 
the pH to approximately its original value, 
distributed into cellophane bags hung on a 
rack before an electric fan for concentration 
by pervaporation. After 16 hours of pervapo- 
ration at about 12°C, the contents of the 
bags, now concentrated approximately 10- 
fold, were pooled and subjected to vigorous 
centrifugation (30 minutes at 15,000 r. p. m.) 
to remove bacterial cells. This concentrate 
was dialyzed overnight against running tap 
water and then against distilled water, after 
which the volume was further reduced by 
pervaporation for 6 hours at 12°C. The 
pooled concentrates were then desiccated from 
the frozen state, and the dried material was 
stored at 4°C. Similar preparations could 
be obtained by ammonium sulfate precipita- 
tion of Seitz filtrates of the cultures but this 
method produced unsatisfactory yields be- 
cause of loss of antigenic material by adsorp- 
tion on the asbestos pad. ‘The strains of B- 
hemolytic streptococci of Lancefield Group A, 
were obtained through the courtesy of Dr. 
Rebecca C. Lancefield. They were main- 
tained in lyophilized form for use in seeding 
cultures as described above. The human sera 
obtained from presumably healthy adults in 
the area of Philadelphia were outdated sera 
supplied through the courtesy of the Phila- 
delphia Serum Exchange. 

Technic of the complement-fixation test. 
The complement-fixation test was the sero- 
logic test used in almost all the work de- 
scribed. When used for estimation of anti- 
genic material, the solution of the latter was 


prepared in various dilutions, usually in 2-fold 
steps of dilution, in 0.4-cc volumes. These 
dilutions were incubated 45 minutes at 37°C 
with 0.1 cc of a standard serum, diluted to its 
optimal concentration for this test, and 0.1 
cc of guinea pig serum, diluted to contain 1.3 
units of complement in this volume. After 
incubation each tube received 0.1 cc of 4% 
sheep erythrocytes (adjusted so that 1 cc of 
the suspension, hemolyzed and diluted to a 
final volume of 20 cc, vielded a reading of 135 
in the Klett photoelectric colorimeter with 
a #54 filter), and 0.1 cc of rabbit anti-sheep- 
erythrocyte serum diluted to an optimum con- 
centration for this hemolytic system. For the 
measurement of antibody the same system 
was employed, with serial dilutions of serum. 
and a constant amount of antigen preparation. 

Results. A. Production of complement- 
fixing antigen(s). 1. Observation of comple- 
ment-fixing antigens in concentrates of strep- 
tococcal culture filtrates. Concentrates of the 
supernates of 8-hemolytic streptococcal cul- 
tures (Group A, type 4, strain H44) in both 
dialysate and synthetic media were tested by 
complement fixation in block titration against 
sera of rabbits, given long courses of injec- 
tions of killed, and then living streptococcal 
cells. These rabbits had received strepto- 
cocci of type 1. Typical results of such com- 
plement fixation tests are shown in Table I. 
It can be seen that a complement fixation re- 
action is demonstrable between concentrates 
of streptococcal culture filtrates and rabbit 
antistreptococcal serum. Antigenic material 
of streptococcal origin was designated CSA 
(culture supernate antigens). In exploratory 
work with these preparations, a small per- 
centage of sera obtained from healthy adults 
contained complement-fixing antibodies to the 
streptococcal CSA in a range of titers from 
those barely measurable by the technic de- 
scribed here up to 32. The relatively higher- 
titered sera among these were used as reagents 
for the measurement of CSA, reported below. 
Table I also shows the results of a comple- 
ment-fixation test of the same preparations 
of streptococcal CSA against such a human 
serum. 

Uninoculated synthetic medium was con- 
centrated as described above. The yield of 
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TABLE IL. 


Complenent-Fixation Tests of Streptococcal CSA Produced on Broth-Dialysate 


Medium and on Synthetic Medium Versus Rabbit Antiserum and-Human Serum. 


CS2E (dialysate medium) 
Concentration, +/ce 


250 125 63 31 
Human serum C 
Diluted: — () 0 (0) ete 
IL 0 0 0 1+ 
Lae 1) 0 2+ 3-b 
1:8 abr aes 8 Both 
Rabbit antiserum 232 
Diluted: 1:8 0 ) 0 2 
1:16 Q 0 0) i 
Iie 0 0 1+ 3+ 
1:64 0 terse 8S 
= Seeley os ec 
Degrees of hemoly S18: 0, none; aaa weak; 


dry weight was 0.4 mg per liter, of the order 
of one-fortieth the yield of dry weight of CSA 
per liter of culture. Complement-fixation 
tests as described above were entirely nega- 
tive, when this material was used in the same 
order of concentration as shown for CSA in 
Table I. 

2. Production of CSA by various types 
of streptococci of Group A. To obtain 
data as to breadth of reactivity of the anti- 
genic material and extent of its production by 
various types, 6-liter cultures were grown of 
each type, of a collection of 36 types avail- 
able. The filtrate of each culture was con- 
centrated, lyophilized and tested for its con- 
tent of CSA by complement fixation against 
the rabbit serum mentioned above. In the 
available strain of each of 5 types, 6, 12, 13, 
23, 37, no CSA was found within the thresh- 
old of sensitivity of our measurements. In 
concentrates derived from the other 31 types, 
CSA was found in a range of concentration 
from 1 complement-fixing unit per mg of lyo- 
philized material to 16, in the case of our 
strain of types 25, 30, 36, and 40. 

3. Production of CSA in relation to growth 
of organisms. ‘The relationship of concentra- 
tion of CSA to growth of streptococci was 
studied as follows: Cultures of several types 
were seeded into dialysate medium, and at 
various intervals (0, 4, 8, 12, 24 hours) sam- 
ples of the well mixed cultures were with- 
drawn into tubes for immediate centrifuga- 

tion. The sediment was washed once with 


CS26 (synthetic medium) 


2+, strong ; 


— Concentration, Ay 


16 oi 16 8 4 2 ie 
2+ 0 0 0 2 2 2 

Ree 0 0 te ee aoa oe 
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3+ 0 0 tr 2 Be eet 
3-++ 0 0 0 1+ 3+ 3+ 
3-0 0 OPA DEAR ser 2 temo 
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saline solution by centrifugation and resus- 
pended in the original volume of the sample 
for a measurement of turbidity (Klett densi- 
tometer, #54 filter). The supernate was dial- 
yzed overnight against running tap water in 
a ™% inch cellophane tube and then concen- 
trated by pervaporation to half the original 
volume. This concentrated culture filtrate 
was used for the measurement of CSA by 
complement fixation. In some cultures it was 
found that the greatest part of the rise in con- 
centration of CSA occurred before the 8th 
hour of culture, at which time CSA concentra- 
tion was 1.5 units/cc, and the turbidity of 
the resuspended bacterial sediment 65; 4 
hours later the CSA concentration had risen 
to 1% times their value at 8 hours, and the 
turbidity of the bacterial sediment to 152. 
Thereafter there was no substantial increase 
in the value of either quantity. In other cul- 
tures it was found that up to 12 hours the 
increase in the CSA _ concentration was 
in general parallel to the increase in 
the turbidity of the resuspended bacterial 
sediment, but thereafter the latter increased 
without corresponding increase in CSA con- 
centration. 

B. Characterization of CSA. 1. Effects of 
pH. Experiments to determine the effects of 
high and low pH on activity and solubility of 
CSA were carried out on solutions of lyo- 
philized concentrates derived from cultures 
in the synthetic medium. Samples of such 
solutions were brought to given values of pH 
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TABLE IL. Effect of Previous Incubation with Erythrocytes on Hemolytic and Complement-Fixing Ac- 


tivity of a Preparation of CSA. 


TIneubation mixture, 5 ml of 0.4% CSA 82, incubated with 


A 


.6 ml PSS (control) 


B C 
.6 ml packed RBC 


and 10 mg NaHSO, .G ml packed RBC 


10 sae re eal 
Complete fixation vs. 
rabbit antiserum No. 


1685 at dilutions: 
64 0 0 0 tr 2+ 
128 0 0 0 tr 2-- 
256 1+ 14+ 14+ 14+ 34 
=f 


7s ae elicg fal em | 


Hemolytic activity vs. 


Tested at dilution of - % 
i 2 4 8 16 1 2 “3 8 16 

0 0 0 1+ 2 0 0 oO I+ 2+ 

0 0 QO 1+ 2+ 0 0 0 14+ 2+ 
1+ 2+ 24 2 3 1+ 2 2+ 384+ 44 

OO 20:0 eet 4+ 4+ 44+ 14 1+4* 


by addition of normal hydrochloric acid or 
ammonium hydroxide, the reagents being add- 
ed dropwise to the chilled solution with con- 
stant stirring. The solutions were kept over- 
night at 4°C, at the desired pH, after which 
any precipitate which had formed was re- 
moved by centrifugation. Sediments were 
dissolved in a volume of buffered saline solu- 
tion equal to that of the original volume, and 
the pH of the supernate was restored to its 
original value. Each fraction was then tested 
for CSA activity by complement fixation, in 
comparison with the original solution. Be- 
tween pH 5 and 8.5 there was no precipitation 
and no loss of activity. At pH 4 a flocculent 
precipitate was obtained, and the activity of 
CSA was divided approximately equally be- 
tween sediment and supernate. At pH 3.5 
a more bulky precipitate was obtained, and all 
of the original activity could be found in the 
redissolved sediment, no antigen being de- 
tectable in the supernate. At pH 1 there was 
no activity in the supernate, and only half 
activity could be recovered from the redis- 
solved sediment. At pH 9 a precipitate was 
obtained, but all serologic activity of the 
original material could be found in the super- 
nate. At pH 10 a larger, inactive, precipitate 
was obtained and some loss of activity of the 
supernate was found. The extent of precipi- 
tation of inactive material at pH 9 was not 
sufficient to increase measurably the activity 
per mg of the preparation under present con- 
ditions of testing. 


2. Precipitation by ammonium sulfate. A 
4% solution of CSA was gradually brought to 
50% of saturation with ammonium sulfate by 
equilibrating the solution with one volume of 
a saturated neutralized solution of the salt. 
Additional solid ammonium sulfate was added 
to saturation. The resulting suspension was 
neutralized and refrigerated overnight. The 
sediment was collected by centrifugation on 
the following day, washed with a saturated 
solution of ammonium sulfate, and dissolved 
in distilled water. This solution was dialyzed 
against running water overnight, in cellophane 
tubing of ™%” diameter. The supernate was 
similarly dialyzed. The volume of the redis- 
solved sediment was then brought to the orig- 
inal volume of the solution of CSA, and the 
redissolved sediment and supernate were 
tested for complement-fixing activity. The 
activity: of the original solution was com- 
pletely recovered in the ammonium sulfate 
sediment, and no activity (less than 3%) ap- 
peared in the supernate. Analyses for nitro- 
gen in the case of 3 pools of the CSA as pro- 
duced in the synthetic medium yielded a mean 
value of 13.6% N relative to dry weight. 

3. Relation of complement-fixing antigens 
with other streptococcal antigens. a. He- 
molysin-O. The question of the relationship 
of streptococcal hemolysin-O to the comple- 
ment-fixing antigens in CSA was approached 
by using erythrocytes as adsorbents of 
hemolysin. A solution of CSA. which con- 
tained both complement-fixing and hemolytic 
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TABLE IIIf. Comparison of Complement-Fixation Titers of Various Preparations of Streptococcal Cul- 
af = avo ws z : oe & Garni rn 2 . : 5 

ture Supernates ys. Rabbit Antiserum with Activities of 3 Enzymes in Those-Preparations. All values 

refer to relative concentrations of respective reagents in solutions of culture supernate concentrates at 


1 mg/ce. 
Hyaluroni- Streptoki- Desoxyribo- ———Ratios 

Preparation ~ Strain CF titer dase titer nase titer nuclease titer CF:H CE:S D:CF 
130B 5797 200 <4 16 2000 >50 Ns) TG) > 

100A H105 24 6 24 800 4 1 33 

7 NY5 1 4 EG 64 25 Sil 64 

134B H44 400 + 64 8000 100 6.3 30 

H pool H44 a5) 16 oil 96 .08 ey Bt) 192 

CSa H44 400 256 500 6000 1.6 8 15 

C3 H44* 12 96 aan 6000 mls, S12 500 

CS 217 RGt 48 ] <a 3000 48 >48 63 

CS 224 A RJt 32 py <i 1500 64 32 47 

CS 225 ECt 24 ] il 1500 24 >24 63 
Range of ratios: >1600- >60-fold 50-fold 

fold 


* Cultivated in the Chemostat, under constant chemical conditions. 
t Fresh himman isolation, from non-inflamed pharynx. 


activity, was incubated with a suspension of 
sheep erythrocytes at 4°C, both reagents hav- 
ing been chilled before incubation. After 30 
minutes of such incubation erythrocytes were 
removed by centrifugation in a refrigerated 
centrifuge, and the supernatant fluid was 
tested for complement-fixing and hemolytic 
activity. The results are shown in Table II. 
It can be seen, on comparison of parts A 
and B, that the concentration of hemolysin in 
this preparation has been reduced to less than 
6% by the incubation with erythrocytes, 
whereas the complement-fixing activity of this 
preparation has been reduced very slightly, if 
at all. Comparison of the data in part C with 
that in part B indicates that adsorption oi 
hemolysin to erythrocytes takes place only if 
the former is in the reduced form. The fact 
that the very slight loss of complement-fixing 
activity in preparation B is also found in C 
would suggest that this loss was not related 
to the adsorption of hemolysin. 

b. Hyaluronidase, desoxyribonuclease and 
streptokinase. Preparations of CSA derived 
from various cultures were tested for hyalur- 
onidase, desoxyribonuclease and streptokinase 
activity in simultaneous tests, to obtain data 
on the association of any of these enzymes 
with the complement-fixing material. The re- 
sults of some of these tests are shown in Table 
Ill. For inclusion in this Table, preparations 
were chosen which showed a relatively wide 
range of ratios of measures of relative activity 


between complement-fixation and the respec- 
tive enzymes. Table III shows that the range 
of ratios of complement-fixation titers to hyal- 
uronidase titers was from 0.03 to >50, and 
that of streptokinase to complement fixing 
titers was from 0.8 to >48. The range of 
ratios of desoxyribonuclease to complement- 
fixation values was from 10 to 500. 

c. Complement-fixing somatic streptococcal 
antigens. In earlier studies the preparation 
and complement-fixation reactions were de- 
scribed of 2 antigens or groups of antigens de- 
rived from extracts of sonically-disrupted 
streptococcal cells. These were designated as 
CP (cytoplasmic particles) and S (supernate 
proteins) (8,9). To obtain data on possible 
relationships between complement-fixing ma- 
terials derived in the present study from the 
culture supernate, and those obtained by dis- 
ruption of the streptococcal cell. a number of 
human sera were included in simultaneous 
complement-fixation tests against all 3 anti- 
genic preparations, each used at its optimal 
concentration. The results of some of these 
tests are shown in Table IV. Data are pre- 
sented in the case of 10 sera _ which 
include a_ relatively wide range of ratios 
of antibody titers to the 3 antigenic prepara- 
tions. The range of ratios of anti-CSA to anti- 
CP titers in respective sera was from less than 
0.1 to 2, and the range of anti-CSA titers to 
anti-S titers was from 0.5 to greater than 16. 

Discussion. 1. Production of complement- 
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TABLE EV. Complement-Fixation Titers of 10 

Sera Tested with 3 Streptococcal Preparations, 

CSA and 2 Somatic Fractions, to Illustrate Ranges 
of Relative Titers. 


Serum —Titers vs.:——\ -—Ratio of :—, 
No. CS CP Ss CS/CP CS/S 
~ 1038 96 512 128 2 a7 
3821 12 128 8 1 lee 
3955 128 96 1h? eS 1] 
4479 16 256 32 07 5 
5119 128 192 8 7 16 
5267 128 128 12 ] 1] 
5308 32 96 32 3 1 
5417 64 64 8 1 8 
5657 768 384 128 2 6 
5717 8 128 8 07 1 
fixing antigens in streptococcal culture. The 


data presented above would indicate that the 
substances which give rise to complement fixa- 
tion with the sera used, are produced by the 
streptococcal cells in culture. This is sug- 
gested by the low yield in dry weight of un- 
inoculated medium concentrated by similar 
procedures, by the negative complement-fixa- 
tion tests found with such concentrates of the 
uninoculated medium, and by the concomitant 
rise in concentration of complement-fixing an- 
tigens in culture supernate with the turbidity 
of the culture. This antigenic material is 
broadly reactive, at least within Group A of 
B-hemolytic streptococci, since cultures of 
strains of almost all types within this group 
produced varying amounts of it. That this 
material, or at least a large part of it, is pro- 
tein, is suggested by the fact that it is com- 
pletely precipitable by ammonium sulfate at 
80% of saturation, and by the mean nitrogen 
value of 13.6%. 2. Relation of streptococcal 
CSA to known streptococcal antigens. The 
question of identity of this complement-fixing 
material or of any components of it with any 
of the known streptococcal antigens cannot be 
properly approached until separation of such 
components has been achieved. In the single 
case of the O-hemolysin it has been possible 
to adduce fairly direct evidence that this sub- 
stance is not responsible for the fixation of 
complement found with CSA, or at least for a 
major portion of it, since the adsorption of 
hemolysin from the crude concentrate by 
erythrocytes was not accompanied by a de- 
crease in complement-fixing activity. The 
data on relationship of complement-fixing sub- 


stances in CSA with other known streptococ- 
cal antigens is quite indirect and can be con- 
sidered only as suggestive. Comparison was 
made of the concentration of complement- 
fixing antibodies to CSA with those to somatic 
nucleoprotein fractions of streptococcal cells 
to obtain some evidence as to whether the 
CSA might be largely derived from such cell 
fractions by dissolution of bacterial cells in 
culture. The wide range of ratios of antibody 
titers shown in Table IV would suggest that 
the fixation of complement by any cellular 
nucleoprotein which might have been released 
into the culture medium, could not have ac- 
counted for a major portion of the comple- 
ment fixation in the tests with CSA. 

The other group of antigens, examined in 
part, is that of the extracellular enzymes 
which, like the CSA, are found in the culture 
supernatant, and which might as antigenic 
proteins fix complement with homologous 
antibodies. While a complete list of such an- 
tigens was not examined, in experiments such 
as those reported in Table III, the wide dis- 
parity among measurements of complement- 
fixing activity, on one hand, and any of the 
3 enzymatic activities, on the other, makes it 
quite unlikely that any of these 3 enzymes 
are responsible for a major portion of the 
complement fixation observed. Although 
there are, of course, other known streptococ- 
cal extracellular enzyme-antigens, the num- 
ber of immunologically distinct antigenic spe- 
cies which would appear to be present in 
streptococcal CSA according to the data pre- 
sented in the following paper (at least 7) 
would render it quite unlikely that the other 
streptococcal extracellular enzymes could be 
identical with the respective antigens found in 
this material. It would appear highly likely. 
therefore, that an antigen or antigens of strep- 
tococcal origin, not identical with any of the 
known streptococcal antigens, are present in 
the concentrates of streptococcal culture su- 
pernates. 

Summary. 1. Supernates of cultures of B- 
hemolytic streptococci were concentrated with 
respect to macromolecular material present. 
Such concentrates gave positive complement- 
fixation reactions with sera of rabbits which 
had been given courses of injections of living 


| 
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streptococci, and with sera of human subjects. 
2. Evidence was obtained that complement- 
fixing antigenic material in such preparations 
was not identical with the complement-fixing 
fractions obtained from streptococcal cells, 
and complement fixation was probably not 
due to any of a number of the extracellular en- 
zyme-antigens which can be found in strepto- 
coccal culture supernates. 
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In the literature dealing with antigenic sub- 
stances produced by the hemolytic strepto- 
coccus in liquid cultures the emphasis has 
been almost exclusively on those antigens 
which have some biologic activity, such as 
toxicity or enzymatic function. In present 
studies the reactions of tissues of the rheu- 
matic host to streptococcal antigens are ex- 
plored. These studies are concerned not only 
with streptococcal antigens which have known 
enzymatic function, but also with those which 
are demonstrable only by their ability to give 
rise to antibody formation and to combine 
with those antibodies in mass reactions such 
as complement-fixation or precipitation. Pro- 
duction and concentration of macromolecular 
materials produced in streptococcal culture. 
and their reaction in complement-fixation 
tests with sera of injected rabbits and human 
subjects are described in the preceding paper 
(1). The complement fixation test does not, 
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General Hospital. 


however, distinguish between one or more im- 
munologic systems in solution (except in quite 
special circumstances of wide difference of 
concentrations of reagents relative to their 
specific activity). For the purposes of these 
studies methods of greater resolution were 
necessary to examine the antigenic materials 
produced in streptococcal culture. Accord- 
ingly, such materials were studied by gel- 
precipitin tests against rabbit and human 
sera. During such studies differences were 
noted in the numbers of antibodies present in 
sera of various groups of human subjects, in 
sufficient concentration to be observed. These 
will be presented here. 

Methods and materials. 1. Antigenic ma- 
terial. Streptococci of Lancefield group A 
(Type 4, Strain Hi,) were cultivated for 18 
hours in the synthetic medium described by 
Bernheimer ef al.(2). Supernates of centri- 
fugation of such cultures were concentrated 
by precipitation with ammonium sulfate (at 
80% saturation) in the presence of a cellulose 
fiber filter aid, Solka Floc. The extract of 
the resulting sediment was collected, suitably 
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dialyzed and desiccated from the frozen state. 
The dry material was weighed and solutions 
of this material were used as described below. 
This material will be referred to as strepto- 
coccal CSA (culture supernate antigens). 

2. Sera. Rabbits were given injections of 
CSA in either of two forms: weekly injections 
of approximately 5 mg CSA precipitated with 
alum, or tri-weekly injections, each 2.5 mg of 
the material in solution. Sera were obtained 
after a 4-week initial course of such injections 
and then, after successive 2-week courses of 
such injections, separated by one-week inter- 
vals. Human sera were obtained from 3 
sources. Sera of presumably normal human 
subjects were obtained from outdated refrig- 
erated bloods through the courtesy of the 
Philadelphia Serum Exchange. Sera of pa- 
tients with scarlet fever were obtained from 
patients with this disease at the Philadelphia 
General Hospital at the beginning and end of 
their 3-week period of hospitalization, through 
the courtesy of Dr. A. C. LaBoccetta. A later 
specimen was obtained from a number of 
these patients approximately 6 weeks after the 
onset of streptococcal infection. Sera of pa- 
tients with rheumatic fever were obtained 
from patients with a definite diagnosis of ac- 
tive rheumatic infection who were studied in 
the wards of the Philadelphia General Hos- 
pital, the Hospital of the University of Penn- 
sylvania and the Children’s Hospital of Phila- 
delphia. Sera were obtained at the beginning 
of hospitalization and at 2-month intervals 
thereafter. Sera of patients with inactive 
rheumatic heart disease were obtained from 
patients at the Rheumatic Fever Clinic of the 
Philadelphia General Hospital. These pa- 
tients were known to have had rheumatic 
fever at some earlier time (at least 2 years 
earlier) from study in the wards of above hos- 
pitals. 3. The gel-precipitin tests. Prepara- 
tion of agar. Agar was prepared by immers- 
ing commercially available agar (Difco) in 
several volumes of cold distilled water, and 
incubating at refrigerator temperature. After 
the agar had settled, the water was decanted 
and the sediment resuspended in fresh water. 
After 5 such changes, swelling of the agar be- 
gan and the washing was terminated. The 
sediment was now collected by centrifugation 
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and lyophilized. It was now white in color. 
Technic of the tests. 

cedures were employed: 

1 dimension: 


overlying solution into a serum-agar gel(3). 


Double diffusion in 1 dimension: This meth- | 
was used with | 


od, described by Oakley(4). 
modifications suggested by Preer(5). The 
technic involves 3 layers: antigen solution, an 
agar solution, and serum, from above down- 
wards. In this procedure the antigens and 
antibodies each diffuse into the agar column. 
Bands of turbidity occur in the agar where 
any given antigen-antibody system is within 
the zone of equivalence, with a sufficiently 


high concentration of the antibody to cause _ 


visible precipitation. Soft glass tubes, acid 
cleaned, of 3 mm internal diameter and 10 cm 
length, were sealed at one end, lined with 
0.3% washed agar solution, described by Ou- 
din(3), and marked on the outside at 2, 3. 
and 5 cm from the bottom. Serum was added 
to the tube to the 2 cm mark (0.13-0.14 cc of 
serum). Bubbles were removed if they 
formed. Agar, in 0.3% solution containing 
merthiolate 1:10,000. which had been heated 
and then maintained at 48-52°C, was added 
slowly over the serum layer up to the 3 cm 
mark. The tubes were allowed to stand 15-20 
minutes at room temperature to ensure com- 
plete solidification of the agar. The antigen 
solution, generally used at optimum concen- 
tration of 3 mg/cc and containing 1:10,000 
merthiolate, was added up to the 5 cm mark. 
The tubes were sealed with adhesive tape. 
placed in a glass jar or desiccator, and stored 
in a cabinet at room temperature. In the 
majority of sera tested, the maximum num- 
ber of bands was present on the third day. 
The test was read in a darkened room with 
the tube held against a fluorescent back light. 
The number of bands was determined, and a 
brief physical description of each band noted. 
Three grades of relative density of bands 
could be readily differentiated: C—clear, dis- 
tinct. dense band, with sharp boundaries: F— 
faint, distinct, band with sharp boundaries. 
but not dense; VF—very faint band with 
clear boundaries. These gradations of density 
reflect relative concentrations of the respec- 


The following 2 pro- | 

Single diffusion in | 
The procedure was described | 
by Oudin, in which antigens diffuse from an | 
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PIG. 1. Photograph of gel-precipitin tubes of 3 sera tested against concentrates of strepto- 

coceal culture supernate. Hach pair of tubes is derived from a single serum, tested by single 

diffusion in the tube on the left and by double diffusion on the right. In all eases the meniscus 

constitutes the bottom of the antigen column. Note the greater resolution and the lower posi- 

tion (relative to the meniscus) of the bands in the case of the tubes set up by double diffusion 
(9,8,10). 
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tive antibodies at the level of the band, since 
the amount of specific precipitate reflects 
largely concentration of antibody. All bands 
not otherwise marked were of the dense type. 

Fig. 1 shows gel-precipitin tubes of 3 sera 
tested by both single and double diffusion, on 
the third day of the test. 

Results. 1. Gel-precipitin tests with sera 
of rabbits injected with streptococcal CSA. 
Rabbits given such courses of injections 
showed considerable variation in antibody re- 
sponse. Of those injected with alum-precipi- 
tated material only a few developed anti-CSA 
complement-fixation titers greater than 32, or 
more than 2 or 3 bands in the gel-precipitin 
tests, even after a number of courses of injec- 
tion. Of the rabbits injected with the solu- 
tion of CSA a higher percentage developed 
complement-fixation titers above 100 after the 
first 2 or 3 courses of injections, and at least 
3 gel-precipitin bands within that time. Ex- 
amination of the sera through the period of 
successive courses of injection with the CSA 
showed a general sequence of increasing com- 
plement-fixation titers and numbers of gel- 
precipitin bands against CSA from the pre- 
injection levels (CF titer below the threshold 
of measurement, and no gel-precipitin bands), 
although a number of instances of disparity 
occurred. Thus, one animal showed only 2 
very faint bands and a complement-fixation 


titer of 128 after the first course of injections, 
whereas another of that group at the same 
stage showed 3 bands by gel-precipitin with 
a complement-fixation titer of only 32. Of 
the entire group of animals, the best antibody 
response obtained corresponded to 5 bands in 
gel-precipitin tests and complement-fixation 
titers of 192-256. 

2. Tests with sera of presumably normal 
human adults. Eighteen such sera were col- 
lected from the group of normal men. These 
subjects were approved as blood donors by 
recent medical history and superficial physical 
examination. Of 10 such sera chosen at ran- 
dom for gel-precipitin tests against strepto- 
coccal CSA, 2 showed 2 bands of precipitate, 
7 showed 1 band and 1 showed none. Eight 
other sera were selected from a larger number 
on the basis of antistreptolysin and anti- 
hyaluronidase titers which were relatively 
high for the normal population (AH, 16-192; 
ASL, 64-256). Of these sera 1 showed 3 
bands in the gel-precipitin test, 3 showed 2 
bands, and 4 showed 1 band. No association 
was apparent between the level of the titers 
of the 2 neutralizing antibodies and the num- 
ber of bands in the gel-precipitin test. Sam- 
ples of 7 lots of gamma globulin prepared 
from pools of normal human sera, made avail- 
able through the courtesy of the American 
Red Cross, were similarly tested. Of these, 
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EES) CONVALESCENT SCARLET FEVER 
RBRACUTE RHEUMATIC FEVER 


SINGLE DIFFUSION 


“| DOUBLE DIFFUSION 


PER CENT 


NUMBER OF BANOS 


PIG. 2. Percentage distribution of sera of patients 

with acute rheumatic fever, and convalescent from 

scarlet fever, respectively, according to number of 

bands produced in tests with streptococcal culture 

supernates, by single-diffusion and double-diffusion 
technics. 


1 sample yielded 2 bands, 5 gave 1 band, and 
1 gave none. These tests were done by the 
single-diffusion method. 

3. Sera of patients convalescent from scar- 
let fever and patients with acute rheumatic 
fever. A group of sera obtained from patients 
convalescent from scarlet fever were tested 
for antibodies to antigens present in the strep- 
tococcal CSA. A total of 65 such sera were 
tested by the double-diffusion technic, 34 of 
which were also tested by single diffusion. 
The number of bands which appeared by the 
third day ranged from 0-2 in the case of the 
tests by single-ditfusion and 0-4 by double 
diffusion. Sera which were obtained from 40 
patients with acute rheumatic fever were also 
tested. Using the single diffusion technic the 
number of bands which developed ranged be- 
tween | and 5, and in tests by double diffusion 
the number of bands ranged between 2 and 7. 
The sera tested in each group were distrib- 
uted according to the number of bands which 
appeared by each method, and _ percentages 
calculated. Fig. 2 presents the data obtained. 
A larger percentage of sera from patients with 
acute rheumatic fever developed relatively 
greater number of bands within this distribu- 
tion in tests, by both technics. Of one of the 
sera of a patient convalescent from scarlet 


fever a larger specimen was available. Globu- 
lins were precipitated from a portion of this 
serum by adding an equal volume of a satur- 
ated solution of ammonium sulfate. The sedi- 
ment was redissolved, and the solution dia- 
lyzed overnight and then brought to a volume 
equal to that of the original portion of serum. 
This solution yielded the same number of gel- 
precipitin bands as did the original serum. 

4. Sera of patients with scarlet fever at 
various times relative to the onset of the dis- 
ease. Of the sera of patients with scarlet 
fever a number were chosen whose convales- 
cent sera had developed from 2-4 bands, for a 
comparison of the number of bands present 
early in the disease, at convalescence (3 
weeks), and 6 weeks after the onset of symp- 
toms. These were examined in a single test 
by double diffusion. The results are sum- 
marized in Table I. In all cases there was 
an increase in the number or intensity of the 
bands from the acute to the convalescent stage 
of this disease. In some cases, where bands 
were already present in the acute serum speci- 
men, this difference was smaller. The rela- 
tively high antistreptolysin-O titers in some of 
these acute specimens would suggest, however, 
that some of these sera may have been ob- 
tained after the disease had been present long 
enough for some antibody response to have 
occurred. (It should be noted that the acute 
serum is obtained at the time of admission to 
the hospital, which is usually some days after 
the onset of symptoms. Also, the notation of 
day of disease on which the serum is obtained 
depended on the medical history provided by 


TABLE I. Number of Gel-Precipitin Bands Pro- 
duced by Sera from Patients with Scarlet Fever 
at Various Times in Relation to Onset of the 
Disease, Tested with Streptococcal CSA. 
(8 patients.) 


Early serum specimen 
Day after 


—— No. of bands ——, 


onset of Antistrep- 

symptoms tolysintiter Acute  3-wk 6-wk 
3 12 0) 2 2+ 1F 
3 256 1 2 2 
4 64 0 4 1+ oF 
2 384 3k 3 2 
2 96 0 2 2 
4 128 3P 3 2-+1F 
4 64 1VE 2 2 
4 256 2 2+1F 3 


| 


| 
| 
| 
| 
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TABLE II. Number of Gel-Preeipitin Bands Produced by Sera of Patients with Acute Rheu- 
matie Fever Observed over Periods Ranging from 4-18 Months. (18 patients.) 


Acute Months after onset a 
serum 2 4 8 12 18 
1+1F 3 2 1 1F 1 BE 

oF 1+ 1VF 1 j er nate 

4 2 1+ 1F 1+ 1VF 1F 1F 

5 1+ 1F 1F 1F 1VE 1VF 

3 2 2k 1+ 1F 

4 1+ 2F 2VE 1VF 

3 om 1s ale 

of 1+ 1F 3 14+ 1F 

5 1+ 1F 2 2 1+ 1VE 

3 2 1+ 1F IF + 1VF IF + 1VE 

5 2 3 2-- 1VF 

3 14+ 1F 1+ 1F 

3 2 2 2 
4+ 2VE 6 5 3+ 2VF 

6 a 2 
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a parent.) In the sera obtained 6 weeks after 
the onset of symptoms no increase in the num- 
ber of bands was found over the 3-week 
serum specimen, and occasionally a decrease 
in the number of bands was noted. 

5. Sera of patients with rheumatic fever at 
different stages of the disease. A group of 
patients with rheumatic fever was studied 
over the period from acute disease to quies- 
cence. For each patient, sera which were ob- 
tained in the acute stage and 2, 4, 6, 8, 12 
and 18 months later were tested by double 
diffusion. There was a definite decrease in 
the number of bands, from the period of acute 
rheumatic fever to inactive rheumatic fever. 
In many instances some decrease in the num- 
ber of bands was already evident 2 months 
after the acute attack. Table IJ summarizes 
the findings obtained in 18 patients with acute 
rheumatic fever followed for 4 to 18 months. 
Sera obtained in an out-patient clinic from 12 
persons with inactive rheumatic fever were 
tested by the double-diffusion technic. Of 
these, 1 serum showed 3 bands; 3 sera 2 
bands; 5 sera 1 band; and 1 serum no bands. 

Discussion. Comparison of data obtained 
by single-diffusion (Oudin) and double-dif- 
fusion technics. In all groups of sera, both by 
single and double diffusion, the latter technic 
resulted in more bands, for the reason that in 
the double-diffusion method the concentration 
of any antibody varies over a continuous 


range which extends to zero, whereas in the 
single-diffusion method the concentration of 
an antibody is never below a given fraction of 
its concentration in the serum.t A technical 
advantage of the double-diffusion technic is 
that it permits the use of turbid sera, or sera 
which have become turbid through freezing 
and thawing, since the observation of bands 
of precipitate is not made in the zone which 
contains serum. Number of gel-precipitation 
bands obtained in various groups of sera 
tested with streptococcal culture supernate 
concentrates. The data presented above in- 
dicate that there are a considerable number 
of antigenic components in concentrates of 
streptococcal culture supernates prepared for 
these studies. As many as 7 bands have been 
found in the case of single sera and the total 
number of antigenic species may be greater 
than that for 3 reasons. (1). Within any 
single tube the number of bands is a minimum 


t In the case of single diffusion the concentration of 
antibody at the interface soon becomes one-half its 
concentration in the serum-agar column (i.e., one 
quarter its concentration in the original serum) ; 
concentration of antibody thus varies within the agar 
column from one-quarter to one-half its concentra- 
tion in serum. In the case of the double-diffusion 
technic the concentration of any antibody within the 
agar column varies from zero, at the antigen inter- 
face, to one-half its concentration in the original 
serum, at the serum interface. 
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of the number of antigen-antibody systems 
present because the difference between rates 
of diffusion of 2 antigenic species may be too 
small for the limit of visual resolution of the 
corresponding bands; (2). identification of 
the bands with respective antigens is not pos- 
sible at present, and we do not know that anti- 
gens from the same group of 7 are involved in 
all the bands observed in various sera; (3). 
there may be antigens to which the antibodies 
are not present in the rabbit or human sera 
in sufficient concentration to produce visible 
precipitate. Evidence that these bands are 
produced by precipitation of streptococcal an- 
tigens with homologous antibodies is offered 
by the fact that they appeared de novo in sera 
of rabbits injected with the streptococcal 
CSA, and by the time relation of numbers of 
bands found in the sera of patients with scar- 
let fever and rheumatic fever to the times of 
onset of the diseases. 

The relationship of any of these antigens 
to the known extracellular enzymes of the 
hemolytic streptococcus is not known. There 
have been two reports of gel-precipitin studies 
of concentrates of streptococcal culture fil- 
trates which had been partially purified with 
respect to a biologically active agent. Jen- 
nings(6) found 8 separate precipitin systems 
in preparations of streptococcal erythrogenic 
toxin tested by the Oudin technic against 
horse antitoxin, and identified one of these 
as the toxin itself. Recently Halbert et a. 
examined preparations of streptococcal he- 
molysin-O by using human and rabbit sera 
in the same technic and found as many as 4 
bands. Here, again, evidence was presented 
that one of these was hemolysin, the other 
bands being due to other antigens, which had 
not been separated from the biologically active 
one for which partial purification had been 
made(7). Using a crude concentrate of strep- 
tococcal culture filtrate in which no separation 
of macromolecules had been attempted, these 
authors found as many as 7 bands in the sera 
of patients with acute rheumatic fever, and no 
more than 4 in sera of patients with miscel- 
laneous diseases other than rheumatic fever 
(8). The data presented here on the numbers 
of bands obtainable in gel-precipitin tests be- 
tween sera in acute rheumatic fever and crude 
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streptococcal culture supernate concentrates 
thus agrees with those of Halbert e¢ al. 

Difference between distributions of gel- 
precipitation band numbers in sera of patients 
with acute rheumatic fever and those conval- 
escent from scarlet fever. The presence of a 
band in gel precipitation reflects the presence 
of an antibody in a concentration above the 
threshold required to produce a visible pre- 
cipitate. Accordingly, the differences in band 
numbers found between these 2 groups of pa- 
tients reflect higher concentrations of serum 
antibodies to streptococcal antigens in acute 
rheumatic fever than in convalescence from 
an uncomplicated streptococcal infection. It 
is not possible at present to compare antibody 
concentration to the individual antigens con- 
tained in these preparations, since there is no 
way of identifying the bands due to the re- 
spective antigen-antibody systems. This sug- 
gestion of higher concentrations of antibodies 
to streptococcal antigens in acute rheumatic 
fever, in comparison with streptococcal infec- 
tion, agrees with observations by various 
workers in the case of a number of antibodies 
to streptococcal antigens (neutralizing anti- 
bodies to extracellular enzymes and comple- 
ment-fixing antibodies to somatic nucleopro- 
teins) (9,10). 

No explanation can be suggested for the 
difference in range of distribution of serum 
antibody concentration to streptococcal anti- 
gens in these two diseases. Data are available 
on only one aspect of the contact between 
streptococcal antigens and the tissues of the 
rheumatic host which might result in such a 
difference—the greater interval of time than 
3 weeks which might elapse between the onset 
of a foregoing streptococcal infection and ad- 
mission to a hospital for rheumatic fever of 
many of these patients. That mere duration 
of contact between antigens and host tissues is 
not the causative factor is suggested by the 
fact that in the case of the individual patients 
with scarlet fever tested at both 3- and 6-week 
intervals after the onset of the disease there 
was no increase in the number or intensity of 
bands at the 6-week interval, in comparison 
with the 3-week, but rather a decrease in the 
intensity of some of these. 

Summary. 1. Precipitin tests in semi-solid 
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agar (gel-precipitin) have been carried out 
between concentrates of streptococcal culture 
supernates and sera of various sources. Two 
technics of diffusion in 1 dimension (tube) 
were used: the single-diffusion technic of Ou- 
din, and a double-diffusion technic. 2. Sera 
of rabbits previously injected with strepto- 
coccal culture supernates showed increasing 
numbers of bands as the course of injections 
progressed. Sera of such rabbits showed as 
many as 5 bands when tested with such con- 
centrates, indicating that this was the mini- 
mum number of antigen-antibody systems 
present. 3. Sera of patients with acute rheu- 
matic fever and of patients convalescent from 
an acute streptococcal infection. (scarlet 
fever) were also tested by this technic against 
concentrates of streptococcal culture super- 
nates. The group with rheumatic fever 
showed a greater number of bands (a range of 
2-7) than did the group with scarlet fever 
(0-4), when tested by the double-diffusion 
technic. The corresponding ranges found with 
the single-diffusion technic were 1-5 and 0-2, 


respectively. In a sampling of sera from con- 
valescents from scarlet fever the number of 
bands was found to be no greater 6 weeks 
after the onset of the infection than 3 weeks 
after the onset. 
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Teratogenic Effects of Lathyrus odoratus Seeds on Development and 


Regeneration of Vertebrate Limbs.* 
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From the Departments of Zoology and Orthopedic Surgery, State University of lowa, Iowa City. 


Diets containing Lathyrus odoratus seeds 
fed to young rats produce characteristic de- 
fects of mesodermal structures(1). Chemical 
analysis of extracts from the seeds points to 
the 8-aminopropionitrile (BAPN) as the ac- 
tive fraction of the teratogenic principle(2-5). 
However other aminonitriles(5) and @-mer- 
captoethylamine(6) when given to rats have 
been reported to produce similar lesions. The 
Lathyrus poisons gain in interest through the 
similarity of the induced lesions with certain 
skeletal and vascular diseases in man, such as 
slipped epiphyses, degenerative arthritis, and 
dissecting aneurism of the aorta. Therefore 


* Aided by grants of the National Science Foun- 
dation and the U.S.P.HS. 


the use of aminonitriles in animal research 
seemed to offer an opportunity for the eluci- 
dation of these human diseases. . 
We reported(7) that BAPN at a concentra- 
tion of 2 wl/liter of aquarium water produces 
characteristic deformities in Xenopus larvae. 
The high sensitivity of Xenopus larvae sug- 
gests their use for the detection and quanti- 
tative evaluation of lathyrism-inducing agents. 
The effect of BAPN appears to be highly spe- 
cific, affecting particularly certain rapidly de- 
veloping mesodermal tissues. In view of the 
similarity between the processes of embryo- 
genesis and of regeneration, the studies were 
extended also on the restitution of amputated 
legs in the newt, Diemictylus viridescens. 
Methods. In a first series of experiments: 
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TABLE I. Effeets Produced by Lathyrus Seeds, 

g-aminopropionitrile, and Other Compounds in 

Xenopus Larvae (Witsehi’s Stage 28). Class 1-4 

express degrees of severity, 0 indicates normal 
development. 


Cone., No. of 
Compound ul/liter animals Class 

Powdered seeds* 20 2 
Sweet pea water extract t 20 2 
Acetonitrile 20 10 0 
Propionitrile 20 10 0 
a-aminopropionitrile 10 10 0 
g-aminopropionitrile 10 2() 4 
2 20 3) 

] 20 2 

5 20 ] 

2 20 0) 

Aminoacetouitrile (hydro- 10 10 0 

sulfate ) 

-y-aminobutyronitrile 10 10 0 
Acrylonitrile 10 10 0 
Glutamine 20 10 0 
Potassium cyanide 10 10 0 
Controls 100 0 


* About 1 g of powdered seeds per day was 
placed in each aquarium; larvae were given no 
other food. 

+ Extract of 2.5 ¢ 
water. 


of dry seeds per liter of 


larvae of the South African toad. Xenopus 
laevis, were exposed to the natural principle 
by feeding powdered Lathyrus seeds ad lib. 
or weak solutions of BAPN,* or solutions of 
other related compounds. BAPN is a liquid 
and mixes with water freely; therefore con- 
centrations are expressed in pl per liter of 
aquarium water. Since preliminary experi- 
ments had shown that treatments of early 
stages are without effect on limb development. 
the here reported experiments were all started 
with nearly fullgrown larvae, 10 to 12 days 
before the expected breakthrough of the fore- 
limbs. At this stage the legs are still short 
and not yet movable. Lots of 10 to 20 larvae 
were placed in aquaria containing 5 liters of 
dechlorinated water. In the second series of 
experiments, hen’s eggs (White Rock breed) 
were injected with 20, 1, .2 or .1 pl of BAPN 
in saline. Penicillin was added at the rate of 
100 units per injection. The injections were 
made into the yolk sac either on the fourth 
or the tenth day of incubation, and the eggs 
were candled to observe the embryos daily 


+ Supplied through the courtesy of Dr. S. Waw- 
zonek, who synthesized the compound from acrylo- 
nitrile and ammonia. 


thereafter. In the third series of experiments, 
a hind limb of adult newts was amputated at 
the middle of the thigh. Immediately after 
the wound had healed 10 animals were placed 
in water containing BAPN at a concentration 
of 2 pl/liter; and 10 served as controls. 

Results. A. Experiments with Xenopus 
larvae (Table I). BAPN in concentration of 
10 wl/liter causes death of the animals 
during metamorphosis. The limb deformities 
are most severe and frequently subcutaneous 
hemorrhages occur in this group. The larvae 
exposed to lower effective concentrations com- 
plete their metamorphosis, but they are too 
weak to survive beyond this stage. Fig. 1 
represents a metamorphosing tadpole from a 
lot receiving BAPN at 2 pl/liter together with 
a control. The legs of tadpoles treated with 
this concentration are so badly twisted that 
it is impossible to prepare longitudinal sec- 
tions for histological studies. At all levels of 
concentration the dislocation of the knee and 
ankle joints represents a most characteristic 
deformity (Fig. 2). A loosening of leg mus- 
cles, tendons and ligaments is clearly notice- 
able under a binocular microscope after re- 
moval of the skin. The microscopic examina- 
tion of animals treated only 5 to 6 days shows 
wide clefts between cartilage and the cover- 
ing connective tissue in the region of the joints 
(Fig. 3). In control animals of correspond- 
ing stage a compact embryonic connective tis- 
sue surrounds the cartilages and connects ad- 
joining epiphyseal ends (Fig. 4). Obviously 
this rent formation is the beginning of the 
lesions in the young toads, a process which 
eventually results in dislocation of the joints. 
The cartilage appears normal and the perios- 
teal ossification seems unaffected. 

Lesions also develop in the dorsal mus- 
culature about 10 days following the onset of 
the experiments. After removal of the dor- 
sal skin of tadpoles treated with BAPN or 
with Lathyrus seeds one observes that the 
intersegmental septa are abnormally wide 
(Fig. la, b). Detailed microscopic examina- 
tion shows a very loose connective tissue in 
the septa. The muscle segments are atrophic. 

The general body growth of the treated 
larvae becomes increasingly retarded. Ex- 
perimental animals are thinner and weaker 


Fic. 1. a, Xenopus larva treated for 12 days with BAPN at a concentration of 2 ,Jl/liter. 
Skin removed, showing dorsal musculature and widened intersegmental septa. b. Normal con- 
trol of same age, skin removed. 

FIG. 2. Longitudinal section through a hind leg of a Xenopus larva treated with BAPN 
for 10 days; concentration: 1 wl/liter; x 12. 

FIG. 3. Section through the knee joint of a young tadpole, stage 29, fed with sweet pea 
seeds, showing the presence of clefts between the connective tissue and the epiphysis; Xx 120. 

FIG. 4. Section through the knee joint of a control, stage 29; x 120. 


48 LATHYRISM IN Limp DEVELOPMENT 


TABLE II. Teratogenic Effects of BAPN on 


Chick Embryos. 


Dosage, No. of 
ul/ege eggs No. died Survived Effect 
20 13 13 0 Lethal 
] 24 24 0 a 
a 20 13 7 Limb lesion 
Re 10 6 4 ie v 
2 0 


Control* 16 4 1é 


* Saline and penicillin. 


than the controls, probably because food in- 
take is impaired. The minimal dose produc- 
ing noticeable effects is less than .5 pl /liter. 
It is noteworthy that within each dosage 
group all animals, without exception, were 
affected similarly. 

It is of interest that treatments started 
after metamorphosis remain ineffective even 
if continued over periods of 2 months. Only 
slight deformity of the hind-legs developed in 
a few animals that had been treated over a 
period of 3 months with a high concentration 
of BAPN (4 pl/liter). However, no disloca- 
tion of joints ever occurred. 

All compounds other than BAPN so far 
tested gave negative results. The high po- 
tency of aminoacetonitrile in producing skele- 
tal lesions in rats as reported by Wawzonek 
et al.(5) could not be verified in tadpoles. 


Injections of a-tocopherol (total dose: 50 mg 
per tadpole) into the body cavity of tadpoles 
treated with BAPN did not protect the ani- 
mals from developing the lesions. This re- 
sult differs from that reported by Lee for the 
rats(8). 

B. Deformities produced in chick embryos. 
In order to test the effect of BAPN on em- 
bryos of warmblooded animals, incubating 
hen’s eggs were injected with BAPN. Since 
the embryonic development of the chick takes 
place within a closed egg shell, permitting no 
elimination, quantitative assays may be ex- 
pected to give results of highest accuracy. 
The experiments are summarized in Table II. 
BAPN has a lethal effect at dosage levels of 
1 wl and more per egg. The lesions produced 
in lower dosage groups are highly specific, af- 
fecting particularly the development of the 
legs (Fig. 5, 6). Size and weight of the ani- 
mals are the same as those of the controls. 
Whether injected on the fourth or the tenth 
day, a bending of the femur end of the pri- 
mary ossification center appears on the 
thirteenth day of incubation (Fig. 6). No dis- 


location of joints was observed. Cartilage 
and bones are histologically normal. 
C. Deformities in regenerating limbs. 


Newts were used for this investigation because 


FIG. 5. Chick embryo injected with .2 4] BAPN; age 17 days of incubation. 
_ FIG. 6. Longitudinal section through a leg of a 13-day chick embryo injected with .2 yl 
BARNES Ld. $ 
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Newt treated with BAPN during process of leg regeneration; concentration: 2 


\W ok 


clea 


INES 7 
ul/liter. Left side intact limb, normal; right side, regenerated limb, showing dislocation of 


joing << Be 
FIG. 8. 


EMG. 9: 


of their well-known capacity of regeneration. 
After amputation of a hind limb it regener- 
ates almost completely within about 3 months. 
The results of BAPN treatments are in prin- 
ciple as in the foregoing experimental series 
(Fig. 7). Microscopically the bones appear 
dislocated (Fig. 8, 9). Studies of serial sec- 
tions also indicate atrophy of the leg muscles 
and loosening of the tendinous insertions. 
Discussion. The results of the present 
series of studies indicate that BAPN is the 
teratogenic agent of Lathyrus seeds. In 
earlier experiments it was observed that 10 
ul /liter of BAPN did not visibly affect cleav- 
age and gastrulation of Xenopus eggs. How- 
ever, the dorsal musculature and the skin of 
the hatched larvae were severely damaged. 
Further studies on the effect of myotome de- 
velopment are in progress. At the present it 
may be concluded that BAPN affects a defi- 
nitely limited stage of the process of muscle 
and tendon differentiation. The action of this 
compound is tissue specific, affecting mainly 
the mesodermal tissues, probably the intercel- 
lular ground substance; but it is not species 
specific, producing similar lesions probably in 
all vertebrates. The severe teratogenic effect 
on embryonic and regenerating tissues sug- 
gests that the formation or normal activity of 


Longitudinal section through regenerated limb in above figure. 
placement at joint and atrophy of muscle; x 10. 
Longitudinal section through a normal regenerated limb; * 10. 


Note severe dis 


some essential morphogenic agent is inhibited 
by the presence of this compound. 


Attempts at comparing the value of am- 
phibians and of birds as bioassay animals are 
made difficult by the difference in the mode 
of administration of the compound. The 
chick as well as the amphibians are highly 
responsive and might be used for assay pur- 
poses in clinical work. 


Summary. The evidence presented indi- 
cates that B-aminopropionitrile is the terato- 
genic agent of the seeds of Lathyrus odoratus. 
It produces dislocation of joints and loosen- 
ing of intersegmental septa in amphibians, and 
bending of the femurs in chick embryos. The 
minimal teratogenic concentration for XNeno- 
pus larvae is .5 pl/liter, the minimal dose for 
chick embryos is .1 wl per egg. The ef- 
fects are highly tissue specific but not species 
specific. The available evidence suggests that 
a single morphogenic process is interfered 
with by the presence of this compound during 
differentiation. 


1. Ponseti, I. V., and Shepard, R. S., J. Bone and 
Joint Surgery, 1954, v36A, 1031. 

2, Dupuy, Hcp, and Lee, J. Gi. Js Pharm, Assn, 
Soe. Hd., 1954, v43,, 61. 

3. Schilling, E. D., and Strong, F. M., J. Am. Chem. 


50 CorTISONE EFFECTS ON YOUNG RAtTs 


Soc., 1954, v76, 2848. 

4. Dasler, W., Science, 1954, v120, 307. 

5. Wawzonek, S., Ponseti, I: V., Shepard, R. S.,, 
and Wiedenmann, L. G., ibid., 1955, v121, 63. 

6. Dasler, W., Proc. Soc. Exp. Brox. AnD Men, 
1955, v88, 196. 


Histochemical Studies of Effects of Cortisone on Fetal and Newborn Rats. 


7. Chang, C. Y., Witschi, E., and Ponseti, I. V., 
Anat. Rec., 1954, v120, 816. 
8. Lee. J. G., J. Nutrition, 1950, v40, 587. 


Received July 14, 1955. P.S.E.B.M., 1955, v90. 


*f 


(21935) 


LEONARD Ross? AND E. D. GOLDSMITH. 


From the Department of Anatomy, Medical College and School of Dentistry, University of 
Alabama, Birmingham, and the Department of Histology, College of Dentistry, and Graduate 
School of Arts and Science, New York University, New York City. 


There is a growing body of experimental 
evidence demonstrating the effect of cortisone 
on enzyme systems(1-3). These investigations, 
for the most part biochemical in nature, have 
been carried out on a variety of cellular en- 
zymes (4-6). Much emphasis has been placed 
on the effect of cortisone on alkaline phos- 
phatase. A number of workers(7), utilizing 
histochemical methods, have observed an in- 
crease in the alkaline phosphatase content of 
the brush border of the kidney tubule after 
injection with cortisone. Moog(8-10), ob- 
tained a precocious increase of intestinal phos- 
phatase upon injection of fetal or newborn 
mice with cortisone. She interprets these re- 
sults as indicating that cortisone influences 
the basic metabolic processes which are re- 
sponsible for phosphatase synthesis. 


Ribonucleic acid (RNA) has also received 
much attention as a substance involved in 
cortisone action. Decreases in hepatic RNA 
after cortisone injection have been observed 
by several investigators(11), although there 
is some conflict on this point(12,13). One 


* This investigation has been supported, in part, 
by a grant-in-aid from the Dental Research Institute 
of the U. S. Public Health Service to Dr. E. D. 
Goldsmith. 

+ Cortisone acetate (Cortone, Merck) used for 
these experiments was generously supplied by Merck 
and Co., Rahway, N. J. 

t Based in part upon a dissertation submitted in 
partial fulfillment of the requirements for the degree 
of Doctor of Philosophy at New York University. 


group(7) noted an increase in renal tubule 
RNA after cortisone injection. 

In view of the widespread interest in the 
mode of action of cortisone, it was decided to 
extend and correlate the above-cited findings. 
Because of the importance of the functional 
relationships existing between alkaline phos- 
phatase, RNA and_ polysaccharide-protein 
complexes, histochemical methods were em- 
ployed to follow the changes induced by corti- 
sone on these materials. 

Materials and Methods. Two series of 
animals were employed. ‘The first series con- 
sisted of 24 female Wistar rats. Each female 
was placed with a male and daily vaginal 
smears were made until fertilization occurred 
(as evidenced by sperm in the smear). Be- 
ginning with the seventh day of pregnancy, 
the mothers were divided into 3 equal groups. 
Group I animals received 75 mg of cortisone 
per kilo of body weight daily throughout preg- 
nancy; Group IT animals received 100 mg and 
Group IIT served as controls. The cortisone 
was divided into 2 daily doses, given 8 hours 
apart. 

Each of the above groups was subdivided 
into 2 sub-groups of equal size. In one 
Caesarian sections were performed on the 
fourteenth day and in the other on the six- 
teenth day of gestation. The uterine horns 
were exposed under moderate nembutal anes- 
thesia, a tally of the number of fetuses present 
was taken and one-half of the number was 
removed. The incisions were then closed and 
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cortisone treatment was continued. A second 
Caesarian section was performed 4 days after 
the first, in each case yielding 18 and 20 day 
fetuses respectively. All fetuses were weighed 
on a torsion balance and fixed in toto at 4°C 
for 24 hours in Bouin’s, Carnoy’s or 95% 
ethyl alcohol. A total of 201 fetuses was so 
obtained. 

In the second series of experiments, a total 
of 110 post-partum rats was used. Litters 
were kept with the mother and beginning with 
24 hours after the hour of birth. the litter 
mates were divided into 2 groups. The first 
group received a daily injection of 0.1 mg of 
cortisone while the second group served as 
vehicle-injected controls. Injections contin- 
ued until 24 hours before autopsy. At least 2 
complete litters were autopsied on each of the 
following days of age: 3,5, 7,9, 11, 13. and 15. 
Liver, intestine and kidney were fixed as in 
the first series. 

In addition to a routine hematoxylin and 
eosin stain, the following histochemical meth- 
ods were employed. Alkaline phosphatase 
was demonstrated by the Ca-Co method of 
Gomori(14). Both DNA and RNA were 
visualized by methyl green-pyronin Y used 
according to the methods of Taft(15) and 
Kurnick(16). To substantiate the specificity 
of the stain, alternate sections were digested 
with a solution of ribonuclease (Worthington ) 
in distilled water. Mucopolysaccharides were 
identified by the periodic acid-Schiff method 
of McManus(17). Glycogen was identified 
by malt diastase digestion. 

Results. As was to be expected, at all ages 
the cortisone-injected animals showed a sig- 
nificant inhibition of weight gain as compared 
to the controls. This was evidenced by a 
marked smallness in size of the fetal rats and 
by a general debilitated appearance in the 
post-partum rats. There was no difference 
in response between the fetal rats whose 
mothers received the 75 mg dosage and those 
of mothers receiving the 100 mg dosage. 

Fetal Rats. In the fetal rats, beginning 
with the 16th day of intra-uterine life, the 
hepatic parenchyma of the cortisone injected 
animals showed increases in glycogen deposi- 
tion and decreases in RNA content when com- 
pared with controls of the same age. This 


has been a constant finding in all previous 
studies in this area(11-13). No differences 
became observable ifi the intestinal epithelium 
and renal tubule epithelium of the hormone- 
treated animals until the 16th day of intra- 
uterine life. At this age, there is the begin- 
ning of a response to hormone treatment which 
becomes accentuated at 18 days of age. By 
the 18th day, there is a higher RNA content 
in the supra-nuclear regions of the intestinal 
epithelium in the hormone-treated fetuses than 
in the controls of the same age. This increase 
of RNA is even more pronounced at 20 days 
of age, where the controls show only a mod- 
erate RNA content (Fig. la) while the experi- 
mentals demonstrate quite marked accumula- 
tions of RNA (Fig. 1b). 

Similarly, in the brush border of the renal 
tubules there is an increased deposition of 
RNA in the cortisone-treated animals. This 
increase begins at 16 days of age and is quite 
pronounced at 18 days; the controls showing 
only a moderate RNA brush border content 
(Fig. 2a) while the treated animals demon- 
strate heavy deposits in the equivalent loci 
(Fig. 2b). This difference is no longer evi- 
dent at 20 days of age. 

As far as PAS-positive materials are con- 
cerned, the only significant differences are 
found in the renal tubule epithelium of the 
18-day-old fetuses. In this site, there is evi- 
dence of increased glycogen deposition in the 
treated fetus (Fig. 3b) as compared with the 
control (Fig. 3a). 

Along with these increases in RNA, con- 
comitant increases in alkaline phosphatase 
were evident. Signs of increased alkaline phos- 
phatase activity of the striated border could 
be seen in the 18-day-old treated fetuses. This 
heightened enzyme activity in the cortisone 
injected animal was more outstanding at 20 
days of age. In the control animal of this age, 
the intestinal striated border shows only a 
slight alkaline phosphatase activity (Fig. 4a). 
The hormone treated animal, on the other 
hand, exhibits a marked activity which extends 
into the supra-nuclear cytoplasm (Fig. 4b). 
Both of these slides were incubated in the 
substrate for 10 minutes. 

In the renal tubule epithelium, the cortisone 
treated animals exhibit an increased alkaline 
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FIG. 1. Intestinal epithelium, 20-day-old fetal rat. Methyl green-pyronin. 
perimental. Note marked deposition of supra-nuclear RNA in treated fetus. >< 600. 


a, control; b, ex- 


FIG. 2, Renal tubule, 18-day-old fetal rat. Methyl grecn-pyronin. a, control; b, experi- 
mental. Note increase in brush border RNA in b. 600. 
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FIG. 3. Renal tubule, 18-day-old fetal rat. PAS. a, control; b, experimental. Note deposi- 
tion of glycogen in and adjacent to brush border in b. 600. 
FIG. 4. Intestinal epithelium, 20-day-old fetal rat. Alkaline phosphatase, ten min. ineuba- 
tion time. a, control; b, experimental. Note in treated fetus (b) greater alkaline phosphatase 


aetivity as compared to control (a). 600. 
phosphatase content beginning with 16 days 
of age. This difference is even more exagger- 
ated at 18 days. At this time, the controls 
show very little brush border alkaline phos- 
phatase activity (Fig. 5a). The treated 
animals, on the other hand, demonstrate a 
very marked enzyme activity in the same 
site (Fig. 5b). 

Post-partum Rats. In the post-partum rats, 
the cortisone injected animals at all ages ex- 
hibited a marked increase in hepatic glycogen 
deposition and a decrease of RNA content. 
As far as RNA is concerned, while the controls 
showed heavy deposits of RNA, usually in the 
form of rodlets or spheroids (Fig. 6a), the 
experimental animals demonstrated only scat- 
tered remnants of this material (Fig. 6b). 

As far as the intestine and kidney are con- 
cerned, no effects of cortisone treatment were 
_ observed until the 9th day of age. At this 
time, significant increases in alkaline phos- 
phatase appeared in the treated animals. This 
became more marked in the 1-day-olds (the 
oldest age group that survived the cortisone 
treatment). There were no such correspond- 
ing increases in RNA and PAS-positive ma- 
terials. The intestinal epithelium of the 11- 
day-old control animals showed a moderate 
striated border alkaline phosphatase activity 
(Fig. 7a). Treated animals of the same age, 
on the other hand, show a more marked ac- 
tivity in the same site (Fig. 7b). The renal 
tubule brush border activity is similarly en- 
hanced, the controls showing only moderate 
alkaline phosphatase deposition (Fig. 8a), 
while the experimental animals demonstrate 
a strong activity (Fig. 8b). 

Discussion. Essentially, the results herein 
presented are in accord with the findings of 
Karnofsky and his group(18) on the injection 
of cortisone into the chick embryo and with 
Moog’s(6-8) experiments on the influence of 
cortisone on the fetal and post-partum mouse. 


In our work, we havé observed that there: 


were no histochemically demonstrable effects 
of exogenous cortisone administration in the 


fetus until the 16th day of intra-uterine life. 
Kkarnofsky and his group noted that the chick 
embryo did not show a significant response to 
cortisone administration until after the 10th 
day of development. They maintained that 
the cortisone, in its observable effects, in- 
fluences the utilization of a new substrate 
which is provided for cell growth as a result 
of the shift in embryonic metabolism occur- 
ring at this stage. The same line of reasoning 
might be applied to the present work on the 
rat, wherein a sensitive indicator of cortisone 
action, the liver, showed no response until 
the 16th day of fetal life. 

Our observations have indicated that the 
RNA, alkaline phosphatase and glycogen of 
the renal tubule brush border are increased 
in the treated fetus as compared with the con- 
trols beginning with the 16th day and that 
this difference is no longer in evidence by the 
20th day. The striated border of the intes- 
tinal epithelium-of the treated animals did 
not show any increases in alkaline phospha- 
tase and RNA until the 18th day. This 
increased response, however, was obtained 
through the 20th day. In both the renal 
tubule and intestinal epithelium the cortisone 
served to bring about a precocious acquisition 
of RNA. 

In the post-partum rats a similar picture 
was observed. A response of the intestinal 
and renal tubule epithelium to cortisone could 
not be demonstrated in rats younger than 9 
days of age. As in the fetuses, the response 
was exhibited as a precocious increase in the 
amounts of alkaline phosphatase and RNA. 
Moog has suggested that the intestinal epi- 
thelium passes through a transitory state of 
sensitivity to cortisone as a stage in its normal 
developmental sequence. The addition of ex- 
cess exogenous cortisone merely hastens the 
basic metabolic response processes involved 
in the functional differentiation of both the 
intestinal and renal tubule epithelium. 

Thus, there would appear to be .2 stages 
of sensitivity to cortisone in the rat. The first 
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FIG. 5. Renal tubule, 18-day-old fetal rat. Alkaline 


a, control; b, experimental. Note very strong enzyme r 
trast this with control (a). 600. 
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phosphatase, 10 min. incubation time. 
eaction in treated fetus (b) and con- 
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FIG. 6. Liver, 11-day-old post-partum rat. Methyl green-pyronin. a, control; 


b, experi- 


mental. Marked depletion of RNA is very prominent in b. 600. 
_ FIG. 7. Intestinal epithelium, 11-day-old post-partum rat. Alkaline phosphatase. Ten min. 
incubation time. a, control; b, experimental. Treated rat (b) shows a-Strong enzyme reaction 


evident even in supra-nuclear cytoplasm. 600. 


_ FIG. 8. Renal tubule, 11-day-old post-partum rat. Alkaline phosphatase, 10 min. ineubation 
tame. a, control; b, experimental. Note greater brush border phosphatase activity in b. 600. 


appears in the embryo at 16 days of fetal life 
for the kidney tubule and at 18 days for the 
intestinal epithelium. The former is lost by 
the 18th day, whereas, the latter is still evident 
at 20 days. In the post-partum rat, the stage 
of sensitivity first appears at 9 days of age for 
both kidney and intestinal epithelia. 

Baker and Bridgman(19), who studied the 
gastric and intestinal mucosa in adrenalecto- 
mized adult rats, noted a decrease in cytoplas- 
mic RNA and striated border alkaline phos- 
phatase activity. Following the injection of 
cortisone into these animals the RNA was re- 
constituted but the amount of alkaline phos- 
phatase present was not affected. These find- 
ings lend further support to our observations 
as well as those of Moog(9) that after a cer- 
tain stage of development cortisone is ap- 
parently no longer able to influence the forma- 
tion of alkaline phosphatase in the intact 
animal. 

It should, however, be emphasized that had 
Baker and Bridgman used whole adrenocorti- 
cal extract, they might have altered the alka- 
line phosphatase activity in the adrenalecto- 
mized animal. 

Summary. <A histochemical study of the 
effect of cortisone on the liver, intestine and 
kidney of fetal and post-partum rats was made. 
There were no histochemically observable ef- 
fects of cortisone on the fetus until the 16th 
day of age. Beginning with this day it was 
found that cortisone caused an increase in 
glycogen deposition and a decrease in RNA 
content of the hepatic parenchyma. In the 
post-partum rats these liver effects were noted 
at all ages. The intestinal striated border 
demonstrated a precocious acquisition of alka- 
line phosphatase and RNA as compared to 


controls of the same age. In the renal tubules 
these effects were manifest in the 16- and 18- 
day-old fetuses, while the intestinal effects 
were obtained in the 18- and 20-day-old 
fetuses. Similar precocious increases in renal 
and intestinal alkaline phosphatase and RNA 
were noted in the cortisone-treated newborns 
beginning with the ninth day of age. 
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Electrolyte Balances Following Total Body X-Irradiation. 


W. O. CAstTER AND W. D. ARMSTRONG. 


From the Department of Physiological Chemistry, University of Minnesota, Minneapolis. 


One of the prominent features of irradiation 
sickness is the attendant upset of salt and 
water metabolism. Depending upon the spe- 
cies, this may be manifested in the forms of 
vomiting, diarrhea, and diuresis. An exact 
determination of the changes in electrolyte 
balance following total body x-irradiation is, 
therefore, of interest. 


Methods. Twenty 250 g male white rats 
(Rolfsmeyer Co., Madison, Wisconsin) were 
placed in metabolism cages over siliconized 
elass funnels, and allowed free access to dis- 
tilled water and a diet containing 60% su- 
crose, 18% lactalbumin, 16.9% Crisco, 4% 
modified Wesson salt mixture (minus its Na’, 
K-, and Cl), 1% liver extract (Wilson Co., 
liver fraction D, Lot 41863), 0.1% choline 
hydrochloride, with supplements of thiamine, 
pyridoxine, riboflavin and calcium pantothe- 
nate. Roughly 5% of the Nat, K*, and 
Cl intake was furnished by the diet; coming 
largely from the liver extract. The remain- 
der of the sodium and potassium chlorides 
was administered daily by intraperitoneal in- 
jection. In the control period the average to- 
tal electrolyte intake was 1.55 meq of sodium, 
2.37 meq of potassium, and 2.54 meq of 
chloride per 48-hour period. Under these con- 
ditions the electrolyte intake was largely in- 
dependent of the level of food intake. Each 
48 hours, the food intake and body weight 
were recorded, and the excreta were removed 
for analysis. The excreta were collected quan- 
titatively in barium hydroxide solution, evap- 
orated to dryness, and ashed at 500°C for 12 
hours. Sodium and potassium determinations 
were made on food, injection solutions, and 
excreta, with a flame photometer attachment 
to the Beckman DU. Spectrophotometer. 
Chlorides were determined on the same sam- 
ples by the Volhard method. After 18 days of 
control study, 16 of these animals were given 
a total body dose of 700 r of x-ray (140 kv., 
0.25 mm Cu, 1 mm Al). In preliminary tests, 
with larger groups of animals, this dose was 
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TABLE I. Difference between Electrolyte Bal- 
ances of Experimental and Control Rats before 
and after Total Body X-irradiation. 


Pre-X-ray 
days Ke Nat Cl 
(Ne + .050 + .180 +.124 
2- 4 — .093 -+.145 + .050 
+- 6 — .081 +.127 +.014 
6- 8 +.156 +.031 +.047 
8-10 — 1136 +.061 +.168 
10-12 + .162 + .107 +.214 
12-14 + .016 +.196 = 077 
14-16 — .100 — 121 — 007 
16-18 — .136 — .008 — .364 
DEV On ee) Ney +.080 +-.019 
o = 116 SHO 169 
Post-X-ray 
days 
0- 2 567 t — .245 + .066 
2- 4 — .866t — .dd8t +.124 
+- 6 = ae, + .045 — .424* 
6- 8 033 = lye} — .143 
8-10 +.214 +.312 +.183 


found sufficient to kill half of the animals 
within a 2-week period. Balance studies were 
continued for an additional 10 days following 
irradiation. Four of the animals maintained 
in metabolism cages were used as parallel con- 
trols. They received no x-irradiation, but 
otherwise were handled in the same manner 
as the experimental animals. Balance data 
obtained from these controls were used as a 
base-line in the interpretation of the data ob- 
tained from the irradiated animals. The fig- 
ures in Table I represent the difference in 
balance between the experimental and the 
control groups at each period. In this way 
it was possible to minimize any effect due to 
handling at the time of irradiation, and to 
compensate for the fact that the 300 g male 
white rat was still gaining weight. This pro- 
cedure also tends to minimize the effect of any 
consistent bias in analytical methodology. 
Results. In Table I it is seen that the po- 
tassium, sodium, and chloride balances are 
significantly altered following total body x- 
irradiation with an LD;» dose of x-ray. There 
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is a marked loss of potassium during the first 
4 days following irradiation, with a gradual 
recovery to a positive value by 8-10 days fol- 
lowing irradiation. The changes in sodium 
balance are roughly parallel with those in the 
potassium balance data. Quite a different 
picture is seen in the chloride data, however. 
The chloride balance remains close to zero for 
the first 4 days of the post-irradiation period, 
and only after the 4th day is there a signifi- 
cantly negative balance. Again, there is evi- 
dence of recovery in the later periods. 

The data of Table I represent the means of 
over 800 independent determinations carried 
out in triplicate. The control day-to-day 
standard deviations, representing the over-all 
analytic and physiologic variations, are only 
5-7% of the intake. This degree of uncer- 
tainty is even further decreased by the large 
amount of control data available for compari- 
son. The changes observed under these con- 
ditions are statistically significant (P<.05 for 
chloride and P<.01 for sodium and _ potas- 
sium), and clearly define the nature of the 
post-irradiation electrolyte balance changes in 
the rat exposed to an LD; dose of total body 
x-irradiation. 

Discussion. From previous reports in the 
literature, it can be inferred that following ir- 
radiation the body electrolyte balances be- 
come positive(1-3), negative(4-7), or are un- 
influenced(8). Unfortunately, none of these 
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reports presents balance results which are sta- 
tistically significant. 

The main features of the post-irradiation 
electrolyte balances, as defined in Table I, 
are: (A) a prompt (0-4 day) loss of K* and 
Na‘, (B) a delayed (4-6 day) loss of CI, 
and (C) a recovery of electrolyte beginning 
at the 8-10 day period. 
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Studies on the O Antigen of Salmonella typhosa TV. Endotoxic Properties 


of the Purified Antigen. 
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MauvuRrIceE LANDY AND ARTHUR G. JOHNSON. 
From the Immunology Division, Army Medical Service Graduate School, Washington, D.C. 


Toxic manifestations induced in man and 
experimental animals by Gram-negative bac- 
teria have been established as referable to 
their production of a distinctive component, 
variously described as somatic antigen, endo- 
toxin, pyrogen, and tumor hemorrhagic agent. 
These specific attributes of endotoxins have 
been described, particularly by Burrows(1), 
Bennett and Beeson(2), and Thomas(3). 
Endotoxins are generally referred to as com- 


plexes of polysaccharide, lipid, and protein; 
however, the precise chemical composition of 
the complex in relation to endotoxic activity 
has not been established. Biological prop- 
erties of endotoxins have been studied for the 
most part with relatively crude preparations, 
frequently culture filtrates or extracts(4). 
Those purified products in recent investiga- 
tions(5-9), contained significant quantities of 
nitrogen, which probably represented appre- 


58 ENbDOTOXIC PROPERTIES OF TYPHOSA ANTIGEN 


ciable protein or polypeptide components. 
Thus, the essentiality of the protein moiety 
for biological activity remains obscure. 

Our papers described isolation of the so- 
matic antigen of Salmonella typhosa as a lipo- 
polysaccharide containing only 0.6% nitro- 
gen, and showed that despite the essentially 
complete removal of protein, its activity as an 
antigen was not diminished, but increased 
(10,11). This report shows that this product 
possesses the properties characteristic of the 
classical endotoxins. Inasmuch as the bio- 
logical effects of endotoxins are well-docu- 
mented, this report is restricted to a summary 
of data on endotoxic activities of the lipo- 
polysaccharide derived from S. typhosa. 


Materials and methods. Endotoxin: The 
product was isolated by Dr. M. E. Webster, 
from viable S. typhosa, 0-901, by an ethanol- 
ammonium sulfate fractionation procedure. 
The purified endotoxin is a phosphorylated 
lipopolysaccharide containing only 0.6% 
nitrogen. Its chemical and immunological 
properties have been described(10,11). Pyro- 
genicity tests: Female New Zealand white 
rabbits weighing approximately 3 kg were 
employed. Animals free of demonstrable ty- 
phoid O agglutinins were utilized. They were 
quartered in individual cages in animal room 
maintained at 75°F. Rectal temperatures 
were obtained with clinical mercury thermom- 
eters. Normal or baseline temperatures 
were obtained several days prior to use. Fol- 
lowing administration of test material, tem- 
peratures were taken hourly for 5-7 hours. 
Rabbits were not used for more than a single 
test. 

Results. General toxic properties: The 
purified lipopolysaccharide derived from Sal- 
monellu typhosa possessed, to a high degree, 
the toxic attributes of colonially smooth 
Gram-negative bacilli, When administered 
intravenously to susceptible host, such as the 
rabbit, exceedingly small amounts were capa- 
ble of inducing fever, leucopenia, diarrhea, 
prostration, and death. The activity of the 
purified endotoxin in eliciting this toxic syn- 
drome is as follows: 

Lethal Activity: The lethal action of in- 
travenously administered endotoxin for rab- 
bits is shown in Table I. Despite control of 


TABLE I. Lethality of Typhosa Endotoxin for 
Rabbits.* 


No. of animals dead 


pg endotoxin P — 
Total animals inj. 


(i.v.) 
10 2/10 
20 7/10 
50 6/10 
100 3/10 
500 8/15 


* New Zealand white females weighing 2.1- 
2.4 kg. 


strain, sex, weight, and age of rabbits, consid- 
erable variation in susceptibility of individual 
animals to the lethal action of the endotoxin 
exists. It is significant that administration of 
endotoxin over a wide range of dosage in no 
instance resulted in 100% mortality. On sev- 
eral occasions, the percentage of rabbits suc- 
cumbing to large doses of endotoxin (100 to 
500 pg) was less than that obtained with 20- 
50 wg. At present there is no explanation for 
this paradox. Despite this apparent lack of 
dose-response relationship, a large series of 
individual tests in this and in related studies 
have shown that the lipopolysaccharide gen- 
erally, but not invariably, is lethal for rabbits 
in dose range of 20-50 yg. 

As observed by other workers(1), we found 
that in contrast to the rabbit, the mouse is 
relatively refractory to endotoxin. While 
much larger doses (on the basis of body 
weight) are required, the lethal action of in- 
traperitoneally injected endotoxin in this spe- 
cies was more reproducible and consistent 
than in the rabbit. Thus, the LDso for 15 ¢ 
Bagg albino mice was approximately 250 pg. 
Like the mouse, the guinea pig tolerated rela- 
tively large doses of endotoxin. The LD, 
for this species was somewhat more variable 
and lay in the range of 500-1000 ug. 

The lethal activity of the lipopolysacchar- 


TABLE II. Lethality of Typhosa Endotoxin for 
Mice. Effect of alkali treatment. 


wg endotoxin Alkali-degraded 


(i.p.) Endotoxin endotoxin 
200 7/10* 0/10 
400 8/10 0/10 
600 6/10 0/10 

1000 10/10 0/10 

3000 — 3/10 


* Fractions equal No. of animals dead of total 
animals injected. 
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TABLE III. Pyrogenie Activity of Typhosa Endotoxin. Comparison with intact typhoid 


bacilli. 
; Pyrogenie response of Mean temp. 
Preparation Dose (ug) individual rabbits (°F) rise (°F) M.P.D.* (ug) 
8. typhosa 0-901 8 Rick nny ane ae 1.9 015 
03 2.0 ial 8 1.3 
.003 A af al A 
Purified typhosa 008 2.2 2.9 3.0 3.1 2.8 .0002 
endotoxin .0016 1.3 2.1 1.6 1h) ea 
.00032 1.5 1.3 1.2 seul 1.2 
00006 4 6 5 3) 4 


ide was considerably decreased following 
autoclaving, boiling for 30 minutes, or ex- 
posure to weak alkaline hydrolysis (i.e. 0.02 
N NaOH for 18 hours at room temperature). 
A comparison of the lethal action for mice of 
alkali-degraded endotoxin with undegraded 
endotoxin is illustrated in Table II. On a 
weight basis, the product subjected to alkaline 
hydrolysis exhibited less than 10% of the 
lethal activity of the untreated product. 
Pyrogenicity. During investigations on the 
chemical and immunological properties of the 
typhosa endotoxin, it was observed that intra- 
venous injection of rabbits with 0.01 wg or 
less of this lipopolysaccharide resulted in 
rapid production of fever, associated with leu- 
copenia and subsequent leucocytosis. Gen- 
erally, temperatures rose within an hour after 
administration of the product, reached a 
maximum at approximately 3 hours, and grad- 
ually declined to normal in 6 to 8 hours. A 
marked neutrophilic leucopenia was observed 
one hour after injection, and the total leuco- 
cyte count gradually rose to normal at 4-6 
hours, followed by a leucocytosis. These al- 
terations in temperature and leucocyte counts 
were primarily dependent on the dose of lipo- 
polysaccharide administered. The remark- 
able pyrogenic activity of this lipopolysac- 
charide is shown in Table III where the re- 
sponse of groups of rabbits to graded doses of 
this product are compared with those of ani- 
mals receiving acetone-killed and dried ty- 
phoid bacilli. When the mean temperature 
response is plotted against dose of lipopoly- 
saccharide administered, the response is 
rather well related to dose over the range 
shown in this Table. It is apparent that the 
purified product is a far more potent pyrogen 


than the whole organism. The quantity of 
this component present in intact typhoid ba- 
cilli of the 0-901 strain has been reported as 
3.3% by Staub and Combes(12), and 6.2% 
by Webster et al.(10). These data indicate 
that the isolated component should be ap- 
proximately 15-30 times as active as the bac- 
terial cell. The finding that it is in fact some- 
what more active suggests that greater avail- 
ability may favorably influence pyrogenic ac- 
tivity. 

A state of insusceptibility to the pyrogenic 
action of this endotoxin could be developed 
in rabibts by a series of injections of the lipo- 
polysaccharide. A group of 10 rabbits 
treated with 10 daily injections ranging from 
1-20 pg (initial dosage 1 pg was progressively 
increased at 2-day intervals), exhibited little 
or no thermal response to 1 pg of endotoxin 
24 hours after the last injection (mean tem- 
perature rise of 0.6°F). This is in contrast 
to the mean temperature rise of 4°F. devel- 
oped following injection of 1 yg on the first 
day of the experiment. On the other hand, a 
constant daily dose of 1 »g administered to a 
second group of 6 rabbits for a period of 15 
days, did not result in as significant a depres- 
sion of the fever peak obtained after the ini- 
tial injection. After 1, 2, 3, 10, and 15 injec- 
tions, mean temperature rises were 4.6°, 3.5°, 
2.9°, 2.6° and 2.4° respectively. In addition, 
this peak was attained relatively earlier as the 
injection series progressed. 

Animal species were found to vary greatly 
in their pyrogenic response to this product. 
Thus, the administration of 10 yg of lipo- 
polysaccharide intravenously brought about a 
marked thermal response in 2 horses and 2 
dogs. On the other hand, during an 8-hour 
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period, no rise in temperature was observed to 
occur in groups of mice, rats, guinea pigs, or 
chicks injected intravenously with 10 pg of 
this product. Three 20-25 lb chimpanzees 
were given a single intravenous injection of 
1 »g of lipopolysaccharide. A mean elevation 
of 2.7°F ensued and the leucocyte count fell 
to approximately one-half the normal values 
shortly after injection, followed by a 3-4 fold 
increase in the number of these cells during a 
period of 24 hours. The pyrogenic response 
of man to intravenous injection of the purified 
endotoxin has not yet been determined.t How- 
ever, in a recent study of its antigenicity in 
man(13), it was observed that a subcutaneous 
injection of 20 pg frequently, but not invari- 
ably, resulted in erythema, induration, fever, 
and malaise, while edema and lymphadenitis 
were encountered occasionally. On the whole. 
the reactions exhibited by the purified endo- 
toxin were somewhat more marked than those 
induced by the conventional typhoid vaccine.* 
These more pronounced reactions might be 
expected since the quantity of purified endo- 
toxin administered was greater than that cal- 
culated to be contained in the standard dose 
of 0.5 ml of typhoid vaccine (7.5 pg). 
Activity in Eliciting the Shwartzman Reac- 
tion. Local Reaction: A quantitative study 
was made of the activity of purified endotoxin 
aS a preparing and provoking agent for the 
phenomenon of local skin reactivity in the 
rabbit. Groups of animals were prepared for 
this reaction with amounts of endotoxin vary- 
ing from 100 to 0.5 yg. Dilutions of 0.2 ml 
of this product were injected intradermally at 
4 sites on the clean-shaven abdominal skin of 
each animal. Rabbits, so prepared, were di- 
vided into groups of 5-12 animals, and 20 
hours later each group was provoked with an 
intravenous injection of lipopolysaccharide 
ranging from 100 to 0.2 ug. The ability of 
individual animals of the same sex, size and 


* Adsorption of the lipopolysaccharide on alumi- 
num hydroxide resulted in complete suppression of 
these toxic manifestations. However, groups of 60 
subjects each, inoculated with 20 mug of adsorbed 
endotoxin showed relatively poor antibody response 
(mean O agglutinin titer 1:26) in contrast to those 
of individuals receiving endotoxin asa saline ‘solu- 
tion (mean O agglutinin titer 1:90).° 9 | 


TABLE IV. Quantitative Assessment of Activity 


of Typhosa Endotoxin in Production of Local 
Shwartzman Reaction. 
Provocative 
dose (v2) 
admin. iv. 
20 Ia after Preparatory dose (ug } inj. intraderm. 
preparatory 
dose 100 25 10 5 1 5 
100 80 60 40) 40 
25 83 100 57 57 44 10 
20 67 50 50 29 
a5 67 33 0 0 
10 40 14 14 0 0 
5 40 40 40 20 
] 60 10 10 
2 10 0 0 


* Figures indicate % of rabbits exhibiting pos- 
itive reaction sites as indicated by visible hemor- 
rhage and purpura. Groups of 5-12 New Zealand 
white rabbits (3 kg) were used. 


strain to respond to this component with de- 
velopment of the characteristic local reaction 
varied; however, in those rabbits capable of 
responding the incidence of reactivity fol- 
lowed a decreasing gradient as either the pre- 
paratory or provocative dose was reduced 
(Table IV). As would be expected, the ex- 
tent and severity of the lesions tended to be 
minimal when the area had been prepared or 
provoked by the smallest quantities of endo- 
toxin. Nonetheless, it is apparent that as 
little as 1 yg, or even less, was sufficient to 
prepare and provoke this reaction. 

The generalized Shwartzman reaction was 
induced with purified endotoxin from S. éy- 
phosa in young (2-3 lb) New Zealand white 
rabbits. Gross and histopathologic examina- 
tiont of the characteristic lesion, bilateral 
renal cortical necrosis, showed that the path- 
ology evoked by this purified component was 
in all respects similar to the classical changes 
induced by crude bacterial products (e.g. oc- 
clusion of small blood vessels of kidney with 
an amorphous fibrinoid-like material. The 
resultant punctate hemorrhagic and necrotic 
areas of the cortex occasionally extended into 
the medullary area) as described by Thomas 
and Good(7,8). The results of tests in which 
it was attempted to determine quantitatively 


+ The authors are indebted to Lt. Col. Helmuth 
Sprinz, Walter Reed Army Hospital, who prepared 
and examined sections of kidneys obtained from 
rabbits in this study. 
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TABLE V. Activity of Typhosa Endotoxin in 
Production of Generalized Shwartzman Reaction. 
I ae AE a EN EE 


No. of ani- 
mals exhibit- 
ing bilateral 

renal corti- 
dose of endo- cal necrosis 


Preparatory Hr elapsed Provocative 
dose of endo- between 


toxin (ug) doses toxin (ug) of total inj.* 
20 18 50 0/6 
20 12 50 4/6 
20 8 50 1/2 
20 6 50 1/2 
5 12 50 0/4 
20 12 100 2/2 
at 12 20 3/5 
10 12 20 3/4+ 
NY 12 10 2/44 
5) 12 10 0/4 


* Reaction evident in the gross 18 hr after proy- 
oeation, 

t Degree of reaction was considerably less in 
these animals. 


the amount of endotoxin necessary to prepare 
and provoke this pathology in the rabbit are 
given in Table V. The principal variables in 
these experiments were preparatory dose, pro- 
vocative dose, and time interval between the 
2 injections. The data obtained indicated 
that production of this reaction does not fol- 
low a clear-cut dose-response relationship, but 
appears to be associated primarily with quan- 
tities of endotoxin not far removed from 
dosage shown to be lethal for the rabbit. The 
optimal time interval between the two injec- 
tions, required for production of the charac- 
teristic kidney lesion, appeared to be some- 
what less than that previously reported by 
Thomas and Good(7), who employed men- 
ingococcal washings as endotoxin. 
Discussion. General toxic manifestations 
associated with administration of typhoid 
bacilli have been reproduced by a protein-free 
lipopolysaccharide isolated from an O variant 
strain of S. typhosa. For the most part, these 
studies have been conducted in the rabbit, a 
species highly susceptible to endotoxin. How- 
ever, various animal species differ in their 
response to the endotoxic action of. this 
product. Thus, man, horse, dog, and rabbit 
reacted strongly to the pyrogenic and anti- 
genic stimulus of this product. On the other 
hand, it may be significant that species such 
as the mouse, rat, guinea pig, and chick, which 
did not exhibit a thermal response to injection 


of 10 wg of lipopolysaccharide, were the spe- 
cies previously shown to be refractory to this 
product as an antigen(11). Examination of 
sera from the latter group by the highly sen- 
sitive bacterial agglutination test showed no 
evidence of production of O antibody follow- 
ing this injection. However, it is not known 
(and it is difficult to obtain acceptable experi- 
mental evidence) whether a causal relation- 
ship exists between these two properties. In 
this connection, it is noteworthy that altera- 
tions in the lipopolysaccharide which resulted 
in decreased antigenic activity were accom- 
panied by reduction in pyrogenicity(11). 
This lipopolysaccharide possessed antigenic- 
ity of a high order in the rabbit, e.g. 
a single intravenous injection of 0.001 pg 
elicited production of significant levels of ag- 
glutinins(11). The present study shows that 
in terms of one of the characteristic properties 
of endotoxin, namely pyrogenic action, this 
product exhibits extraordinary potency. It 
is difficult directly to compare and evaluate 
the pyrogenic potency of this product with 
that of the various fever-producing agents 
reported in the literature; nonetheless, the 
finding that the minimum pyrogenic dose for a 
3 kg rabbit is approximately 0.0002 ug affords 
evidence that this typhosa lipopolysaccharide 
is one of the most potent pyrogens known. 
It has been shown that these attributes of 
pyrogenicity and antigenicity in the rabbit 
are manifested in essentially the same range 
of concentrations and exhibit similar extinc- 
tion values(11). Depending on the species 
involved, lipopolysaccharide evokes either 
both effects, or neither. These findings may 
therefore be indicative of a common func- 
tional mechanism. Experimental evidence 
tending to support the thesis that these physio- 
logical activities of endotoxin may be re- 
sponsible for marked antigenic activity, sub- 
sequently expressed by the host, was obtained 
in our studies on enhancement of antibody 
response to proteins by typhosa lipopolysac- 
charide(14). 

The remarkable activity of this purifed 
bacterial component in eliciting these experi- 
mental host reactions may provide further in- 
sight into the classical reactions encountered 
clinically in those diseases of man caused by 
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endotoxin-bearing organisms. For example, 
calculations based on rhamnose content and 
on actual isolation, indicated that 1 billion 
organisms (S. typhosa, 0-901) can contribute 
approximately 15 yg of lipopolysaccharide. 
That the minimum pyrogenic dose is approxi- 
mately 0.0002 ng /3 kg rabbit, makes it appar- 
ent that endotoxic material released from rela- 
tively few bacteria (1 x 10*) can produce 
fever in the rabbit. Man is considered to be 
more susceptible to endotoxin than the rabbit 
(15), and this study offers further evidence 
for the hypothesis advanced by Favorite and 
Morgan that under conditions of natural in- 
fection, extremely small quantities of endo- 
toxin may elicit the pyrexial response in the 
typhoid fever patient. 


A similar situation may apply in the 
Shwartzman reaction. It is apparent that rab- 
bits vary in ability to react to the endotoxin 
used by us. The dose-response relationship 
of an individual rabbit is such that if sus- 
ceptible to this reaction, it will respond over 
a wide range of concentrations of endotoxin. 
That nonsusceptible rabbits exhibit no reduc- 
tion in their refractory state even when doses 
of endotoxin are greatly increased further at- 
tests to the “all or none” nature of this phe- 
nomenon. A comparable individual hyper- 
reactive state has been postulated by Black- 
Schaffer et al. as being a prerequisite for the 
occurrence in man of the pathology character- 
istic of the Shwartzman reaction(16). 


Summary. A study was made of the endo- 
toxic properties of a protein-free lipopolysac- 
charide isolated from the 0-901 strain of S. 
typhosa. The product was lethal for rabbits 
in a dose range of 20-50 yg while 300-500 pg 
were required to kill mice. The minimum py- 
' rogenic dose in rabbits was 0.0002 wg, charac- 
terizing it as a pyrogen of extremely high po- 
tency. In a quantitative study of the local 
Shwartzman reaction, 1 yg or less, was ef- 
fective as a preparatory or provocative dose. 
Its activity in eliciting bilateral renal cortical 


necrosis, the lesion characteristic of the gen- 
eralized Shwartzman reaction, was in the 
range of 5-20 »g. Thus, very small quantities 
of a lipopolysaccharide, freed of protein, are 
capable of producing the various biological 
alterations generally attributed to endotoxins. 

Addendum. Since this report was submit- 
ted for publication preliminary tests of the 
effects of the typhosa lipopolysaccharide in 
man were undertaken(17). These indicate 
that when injected i.v. the minimum pyrogenic 
dose for a 70 kg subject lies in the range of 
01-.04 pg. 
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w-Methylpyridoxine (2-ethyl-3-hydroxy-4, 
5-bis(hydroxymethyl) pyridine), in which 
the methyl group of pyridoxine has been re- 
placed by an ethyl group(1), was one of the 
first analogues of vit. Bg to be synthesized and 
tested in living organisms. Robbins found 
the compound replaced pyridoxine in promot- 
ing growth of excised tomato roots(2), but 
was toxic for Ceratostomella ulmi(3).  Cor- 
responding analogues of pyridoxal and pyri- 
doxamine also have been synthesized(4). For 
lactic acid bacteria such as Streptococcus fae- 
calis, these latter compounds replace pyridoxal 
as growth factors under some conditions(4-6), 
but may inhibit growth under slightly differ- 
ent conditions, depending upon the vit. Be- 
dependent process which limits growth(5,6). 
Like w-methylpyridoxine(7), they inhibit 
growth of yeast (Saccharomyces carlsbergen- 
sis); this inhibitory effect is overcome com- 
pletely by pyridoxine, pyridoxamine, or pyri- 
doxal. 

A single dose of w-methylpyridoxine was 
less than 2% as effective as pyridoxine in al- 
leviating symptoms of vit. Be. deficiency in 
rats(1). No other reports of the physio- 
logical effects of these compounds in animals 
have appeared; results of such an investiga- 
tion are presented below. 

Materials and methods. Synthesis of w- 
methylpyridoxal and w-methylpyridoxamine 
has been described earlier(4). o-Methylpyri- 
doxine(1) and an authentic sample of the lac- 
tone of 4-pyridoxic acid(8) were gifts from 
Dr. Karl Folkers. Weanling albino rats were 
caged individually, and fed vit. Bg-deficient 
ration of Sarma et al.(9) modified by substi- 
tuting vitamin-free casein (Labco) for blood 
fibrin. Supplements were added to the diet or 
given separately by stomach tube. In the 
latter event a tuberculin syringe and a dulled 
no. 15 needle, bent and cut off at the proper 
length, were used. Food and water were given 
ad libitum. 


Results. a. Activity of w-methylanalogues 


of vit. Bs during preventive assay. Weanling 
rats (Sprague-Dawley) were fed the deficient 
diet supplemented wtih pyridoxal, one of the 
analogues, or both pyridoxal and analogue, as 
indicated in Table I. Over a 4-week period, 
the w-methyl analogues possess considerable 
growth-promoting activity. However, the 
higher levels of analogues were no more effec- 
tive than the lower levels, and no amount of 
analogue permitted a maximum growth rate. 
The compounds were not irreversibly toxic, 
for when fed together with pyridoxal, a high 
rate of growth was achieved. 

When supplementation was continued for a 
longer time, it became evident that the high 
level of all 3 w-methyl analogues permitted 
even less growth than the lower level. Such 
results are shown for w-methylpyridoxal in 
Fig. 1. Eventually the rate of growth of sup- 
plemented animals slowed to that of the de- 
ficient controls. Thus, while the analogues 
permit growth for a limited length of time in 
animals containing initially adequate supplies 
of vit. Bg, they become unable to support 
growth once bodily supplies of vit. Bg reach 
a sufficiently low level. 

More striking evidence than growth rates, 
of the inability of these analogues fully to re- 
place vit. Bg was provided by the observed 
symptomatology. Beginning about 2 weeks 
after supplementation with the analogues, 
practically all animals of Groups 5 through 
10, Table I, underwent frequent epileptiform 
fits, especially during weighing periods. Oc- 
currence of such convulsions has been noted 
frequently in animals fed vit. Bg-deficient 
diets alone (e.g.10), but is not a prominent 
feature of vit. Bg deficiency on this basal ra- 
tion, and was not noted in any of the deficient 
animals of Group 1 (Table I) until fully 4 
weeks after their occurrence had become com- 
mon in the analogue-fed animals. Even then, 
the incidence of the attacks in deficient Group 
1 was not more than 25% of that in analogue- 
fed animals. The 3 analogues, therefore, pro- 


64 


VITAMIN By, ANALOGUES AND GROWTH 


TABLE I. Comparative Effects of Pyridoxal and w-Methyl Analogues of Vitamin B, on Growth 
of Rats. Each group contained 6 animals. 


Amt of supple- 
ment/day, y 


Group Supplement 
aa i 0 

2 Pyridoxal 

4 ; 

5 w-Methylpyridoxal 

6 ” 

7 w-Methylpyridoxamine 
8 tf 

9 w-Methylpyridoxine 
10 eS 
jul Pyridoxal + 

w-methylpyridoxal 

12 Pyridoxal + 


w-methylpyridoxamine 
13 Pyridoxal + 
w-methylpyridoxine 


duce a deficiency of a type in which these fits 
are an unusually common feature—an obser- 
vation of interest in view of the observed oc- 
currence of convulsions in infants receiving 
suboptimal amounts of vit. Bg(11). No such 
attacks occurred in animals of groups 11-13, 
which received pyridoxal together with the 
high level of analogue. 

b. Activity of w-methyl analogues of vit. 


320 a a 


PYRIDOXAL, ee 
280F w-METHYLPYRIDOXAL, |5.4r 


GRAMS 
i) 
4S 
(e) 


? 


De) 
fe) 
O 


AVERAGE BODY WEIGHT 


©) 10) l2 


2 4 6 8 
WEEKS OF SUPPLEMENTATION 
FIG. 1. Effect of time on comparative growth- 
promoting activities of pyridoxal and w-methylpy- 
ridoxal for rats. Supplements indicated were ad- 
ministered daily. 


Apparent molar 
Wt gain in activity 
4 wk, g (pyridoxal = 100) 


4s 46 


1.6 Tall 

4.1 94 

8.2 114 
16.6 100 32 
83 100 6.5 
17.8 92 23 
88 101 6.4 
16.6 100 32 
83 93 Dell 
82 140 
83 
82 134 
88 
82 126 


B,, during curative assay. The apparent abil- 
ity of the analogues to support growth only 
during the first few weeks (Fig. 1) suggests 
that as depletion of vit. Bg proceeds, growth 
responses to the analogue would become less 
marked. This was checked by holding wean- 
ling animals (derived from the Wistar strain) 
on the deficient ration for 5 weeks, then sup- 
plementing the diet with high levels of o- 
methylpyridoxine. A pronounced stimulation 
of growth occurred in the analogue-fed group 
during the first week, which decreased greatly 
in the course of the second and third weeks to 
a value below that of the deficient control 
group (Table II). Four of the 5 animals of 
the analogue-supplemented group died _be- 
tween the 34th and 41st days of supplementa- 
tion, and the experiment discontinued. None 
of the deficient control animals had died dur- 
ing this period. This high level of w-methyl- 
pyridoxine was non-toxic when fed together 
with pyridoxine. Thus the unusual result is 
observed that a compound that apparently 
corrects early deficiency symptoms eventually 
makes these symptoms more pronounced, and 
changes the intensity of individual symptoms 
relative to one another. 


c. Metabolism of w-Methylpyridoxine in 
Rats. Application of the method of Heyl(8) 
for synthesis of 4-pyridoxic acid to a small 
sample of w-methylpyridoxine yielded a prod- 
uct with an ultra-violet absorption spectrum 
essentially identical with that of 4-pyridoxic 
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TABLE II. Effect of o-Methylpyridoxine on Growth and Survival of Vit. B, Deficient Rats. 
Hach group contained 5 animals. 
aaeaeaeaeaeaeaeaeaeaoeqeyeqeqweuasaoeoeoeoeeeeoooooooeeeeooeeeeeeeeeeeeeeeee 


Amt fed —Avg wt gain/wk during———_,__ Survivors 

Supplement per day, Ist 2nd 3rd 4th”  5thwk at 41 days 
0 3.2 1.3 8) 3.3 5 5 
Pyridoxine 8.2 27 16 15 16 8.3 5 
w-Methylpyridoxine 820 28 5 1 


acid. After treatment in such a way as to 
form the lactone(12) the absorption spectrum 
proved identical with that of 4-pyridoxic acid 
lactone. On paper chromatograms the prod- 
uct migrated somewhat faster than 4-pyri- 
doxic acid in all solvents, as might be ex- 
pected from its slightly less polar character. 
The method of synthesis, the spectrum of the 
free acid, and the spectrum of the lactone, all 
demonstrate that the product is »-methyl-4- 
pyridoxic acid. Different animals excrete 
variable proportions of administered pyri- 
doxine as 4-pyridoxic acid(13); pyridoxal and 
pyridoxamine are also oxidized to this same 
product(14). To determine whether w-me- 
thylpyridoxine was similarly metabolized, rats 
were fed high levels of w-methylpyridoxine 
(4600 mp moles/day) of pyridoxine (4900 
mp» moles/day) for 24 hours. Chromato- 
graphic comparisons (Table III) showed that 
administration of w«-methylpyridoxine gave 
rise to w-methylpyridoxic acid in the urine. 
Quantitative determination by the method of 
Mgller(12) showed, in agreement with results 
of Huff and Perlzweig(13), that only about 
0.5% of administered pyridoxine was recov- 
ered as 4-pyridoxic acid; similarly, 0.6% of 
the administered »-methylpyridoxine was re- 


TABLE III. Exeretion of w-Methyl-4-Pyridoxie 
Acid by Rats Fed »-Methylpyridoxine. 
Approximately 30 mymoles (.01 ml) of acids or 
lactones and 0.05 ml of urine samples were applied 
to 1814 by 22% inch sheets of Whatman No. 1 
filter paper, and developed with butanol-ethanol- 
water (4:1:1) im an ammoniacal atmosphere. 
Zones of these fluorescent substances were detected 
by observation under ultra-violet light. 


R, values 
Treated 


Un- for lactone 
Substance chromatographed treated formation 
4-Pyridoxic acid .68 40 
w-Methyl-4-pyridoxie acid iG 3 
Urine of pyridoxine-fed rats .66 44 
Urine of w-methylpyridoxine- Stet 46 


fed rats 


covered in the urine as »-methyl-4-pyridoxic 
acid. In neither case are the other products 
of metabolism known. 

d. Some Effects of »-Methylpyridoxine Ad- 
ministration on Enzyme Levels in Tissues. D- 
Amino acid oxidase, the glutamic-aspartic 
transaminase, and thionase (cysteine desulf- 
hydrase) were selected as representative of 
one vit. By-independent and 2 vit. Bg-depen- 
dent enzymes and their levels in appropriate 
tissues from normal (Group 13, Table I), de- 
ficient (Group 1, Table I), and analogue-fed 
(Group 10, Table I) animals compared. Ani- 
mals were killed by decapitation, the tissues 
excised and homogenized. Results (Table 
IV) show no diminution in activity of the vit. 
B,-independent kidney p-amino acid oxidase, 
but demonstrate a moderate reduction in ac- 
tivity of liver transaminase and a severe re- 
duction in liver thionase -in both vit. B,-de- 
ficient and analogue-fed animals. The differ- 
ences in symptomatology observable in simple 
vit. By-deficiency and in analogue-fed animals 
thus cannot be explained in terms of the ef- 
fects on these 2 enzymes, but must result from 
differential effects upon one or more of the 
multitude of other vit. B;-dependent enzymes 
of tissues. Rates of diminution in enzyme ac- 
tivity, an effect not considered in the above 
comparisons, probably are also of importance 
here. 

The result shows that the »-methyl ana- 
logues are not the functional equivalent of vit. 
B, in activation of these enzymes, and if they 
are converted to »-methylpyridoxal phosphate 
by animal tissues (as they are by bacteria 
(5,6)) the latter must be comparatively inef- 
fective as an activator of these two enzymes. 
This was checked by comparing the effective- 
ness of w-methylpyridoxal phosphate(4) and 
pyridoxal phosphate as activators of enzyme 
preparations obtained from rats fed the vit. 
B,-deficient ration for 37 days. The analogue 
coenzyme. activated liver glutamic-aspartic 
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TABLE IV. Comparison of Kidney D-Amino Acid 
Oxidase, Heart Glutamic-Aspartic Transaminase 
and Hepatic Thionase between Normal, Vitamin 
B,-Deficient, and w-Methylpyridoxine-Fed Rats. 
Each determination was carried out on pooled tis- 
sues of 3 animals. Normal and analogue-fed rats 
received vit. Bg-free diet and supplements for 86 
days from weaning. Vit. B,y-deficient rats received 
the vit. B,-free diet only for 49 days. 


-— Enzyme systems — 


Transami- 
p-Amino acid nase,t yl Thionase,+ 
oxidase,* pl CO./10 y»g 8/2 
Treatment O./hr/mg min./mg hr/g wet 
of animal wet wt wet wt wt 
Normal 1.4 6.2 166 
Analogue-fed 1.8 4.5 45 
Vit. B,-deficient 13) 4.4 25 


* By method of Armstrong, et al.(15). 
qe, 2 ” Ames and Elvehjem(16). 
ice oy v ” Thompson and Guerrant(17). 


transaminase, but was only 11% as active on 
the weight basis as pyridoxal phosphate. 
Liver thionase was not fully reactivated by 
any concentration of the analogue coenzyme; 
the partial reactivation achieved required over 
50 times the concentration that sufficed when 
pyridoxal phosphate was the coenzyme. The 
behavior of these enzymes of mammalian ori- 
gin to the analogue coenzyme _ resembles 
closely that of the corresponding bacterial en- 
zymes(6). 

Discussion. Under appropriate conditions 
in certain bacteria, w-methylpyridoxal and 
w-methylpyridoxamine support continued 
growth because they are converted to w- 
methylpyridoxal phosphate, which activates 
the essential vit. Bs-dependent enzyme _ in 
place of pyridoxal phosphate(5,6). Under 
closely related conditions, when another set 
of vit. By-dependent enzymes is made limit- 
ing, the same vitamin analogues inhibit 
growth, presumably because these vit. Be- 
dependent enzymes are not activated by the 
analogue coenzyme, which consequently be- 
haves as a structural antagonist. That simi- 
lar relationships hold in animal systems seems 
probable from the observations that w-methyl- 
pyridoxine and pyridoxine are metabolized 
similarly, and that -methylpyridoxal phos- 
phate varies in its ability to activate various 
vit. Bg-dependent enzymes of the rat. The 
observed facts that these analogues first pro- 
mote, then inhibit, growth on vit. Bg-free ra- 
tions might be readily interpreted in terms of 


these effects. It may be supposed that as the 
stores of vit. Bg within the body become de- 
pleted, various vit. Bg-dependent enzymes be- 
come hypofunctional in turn, depending, upon 
their affinities for pyridoxal phosphate (cf. 
18). If the first of these to become hypo- 
functional were also activated by w-methyl- 
pyridoxal phosphate, this analogue would be 
expected to promote growth. When, however, 
additional essential vit. B,s-dependent en- 
zymes that are not activated by the analogue 
coenzyme become hypofunctional, then the 
analogues no longer promote growth. Since 
the analogues act also as displacing agents, 
pyridoxal phosphate displaced by the ana- 
logue coenzyme from one apoenzyme may be- 
come available for activation of a second apo- 
enzyme having different relative affinities for 
the coenzyme and analogue coenzyme.* This 
displaced pyridoxal phosphate may initially 
contribute to the growth effects of the ana- 
logue. At the same time, however, if the en- 
zyme from which this pyridoxal phosphate has 
been displaced itself catalyzes reactions es- 
sential for growth, and is not activated (or is 
activated to an insufficient extent) by avail- 
able concentrations of the analogue coenzyme. 
such displacement would explain the active 
toxicity exhibited by the analogues after more 
prolonged periods of administration. Since 
the enzymes from which pyridoxal phosphate 
is displaced are not necessarily the same as 
those that would lose this coenzyme first in 
simple vitamin deficiency,t administration of 
the analogue might be expected to produce a 
pattern of deficiency symptoms differing in 
some respects from those produced by simple 
deficiency, as is actually observed. Finally, a 
part of the vit. Bg ingested by the animal nor- 
mally is made unavailable for growth proc- 
esses through oxidation to 4-pyridoxic acid 
(and unidentified products) and excretion. 
The participation of w-methylpyridoxine as a 
competitive substrate in these latter reactions 
would decrease the amount of vit. Bg de- 
stroyed in this way, and thus spare additional 
amounts for essential metabolic uses. 

The similarity of these observations to 


* That different enzymes of a single organism may 
show such varying affinities has been demonstrated 
in Streptococcus faecalis(5,6). 
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those made with ‘‘diethylriboflavin”(20) and 
with lyxoflavin(21) suggests a fairly wide- 
spread occurrence of similar phenomena. 


Summary. w-Methylpyridoxal, w-methyl- 
pyridoxamine and w-methylpyridoxine support 
growth of rats for several weeks following de- 
letion of vit. By from the ration. Eventually, 
however, growth rate in the presence of these 
compounds slows, and becomes equal to or 
less than that of vit. By-deficient control ani- 
mals. The period of growth promotion is de- 
creased greatly when the compounds are ad- 
ministered to depleted rats. Following this 
period of growth-promotion, growth with high 
concentrations of w-methylpyridoxine is dis- 
tinctly less than that in control animals; and 
death results well before any deaths are noted 
in the control group. In uncomplicated vit. 
B, deficiency on this ration convulsive seiz- 
ures are infrequent and were observed only 
following approximately 6 weeks on the de- 
ficient diet. In contrast, in the animals fed 
the w-methyl analogues of vit. B, convulsions 
occurred frequently, in all animals, starting 
about 2 weeks after supplementation while 
substantial weight gains were still occurring. 
All of these symptoms were prevented by 
feeding pyridoxal together with the analogues. 
Following administration of w-methylpyri- 
doxine to animals, »-methyl-4-pyridoxic acid 
appears in the urine in amounts similar to 
those found for 4-pyridoxic acid following 
pyridoxine administration. Glutamic-aspar- 
tic transaminase and thionase are reduced in 
w-methylpyridoxine-fed animals to about the 
levels found during uncomplicated vit. Bg de- 
ficiency. Correspondingly, »-methylpyridoxal 
phosphate was only about 11% as active as 
pyridoxal phosphate in activating the glu- 
tamic-aspartic transaminase, and did not fully 


+ Dietrich and Shapiro(19) have observed that the 
enzymatic disabilities produced by feeding 4-desoxy- 
pyridoxine to rats do not coincide exactly with those 
produced by simple vitamin deficiency. This result 
should be expected, since the degree to which an 
analogue displaces pyridoxal phosphate depends not 
only upon the dissociation constant of the various 
proteins for pyridoxal phosphate, but also upon their 
affinity for the analogue coenzyme and upon the 
rate at which the enzyme is inactivated and reformed 
within the tissues. 

; 


activate liver thionase at any concentration. 
The facts that feeding these analogues first 
promotes, but eventially inhibits growth, and 
produces a deficiency of a different type than 
that found in uncomplicated vit. Bg-defi- 
ciency, may be interpreted in terms of (a) the 
dual character of -methylpyridoxal phos- 
phate as an activator for some vit. By-depen- 
dent enzymes, but not for others, (b) its role 
as a structural antagonist for vit. Bg in those 
enzymes that it does not activate, and (c) the 
role of these analogues as competitive sub- 
strates for vit. B, in reactions leading to de- 
struction of the vitamin. 
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Changes in Serum Proteins Produced by Infusions of Dextran. 


(21939) 


Joun V. Carsone, L. Lanut UzMan, AND IRvIN C. PLOUGH. 
(Introduced by David Seligson. ) 


From the Department of Metabolism, Army Medical Service Graduate School, Walier Reed 
Army Medical Center, Washington D.C. 


In the course of studies of possible meta- 
bolic effects of dextran infusions, a patient 
with chronic liver disease was given repeated 
infusions of dextran. A marked decrease in 
the concentration of serum proteins was ob- 
served, with a greater reduction in globulin 
than in albumin. Detailed studies were under- 
taken to confirm and evaluate these particu- 
lar findings. For this purpose, 4 additional 
patients with liver disease and 8 patients con- 
valescent from diseases other than liver dis- 
ease were studied. 

Methods. One patient was given only a 
single infusion of dextran, 750 cc of 12% 
dextran in water, the other 12 received daily 
infusions of 1000 cc of 6% dextran in saline. 
Five of these 12 men were given infusions for 
4 successive days, 4 for 5 days, one for 6 days, 
and 2 for 15 days. Other than prolonged 
bleeding time(1), slightly prolonged one-stage 
prothrombin time, and minor headaches, no 
difficulties were encountered. Some patients 
gained as much as 3 kg of weight, but none 
developed overt edema. 

Serum proteins were measured daily in 
most cases by the method of Reinhold(2), in 
which the globulins are precipitated by a sul- 
fate-sulfite solution, and the protein in solu- 
tion measured by the biuret reaction. On se- 
lected serums drawn both before and after 
dextran infusions the serum proteins were also 
checked by sulfate-sulfite precipitation and 
the analysis of supernatant nitrogen content 
by the Kjeldahl method. Filter paper electro- 
phoresis was also used to check the partition 
of serum proteins, using the dye elution tech- 
nique for colorimetric quantitation of the 
bromphenol blue bound by each protein zone. 
Dextran levels were measured by the turbid- 
ity method(3). In 3 of the liver disease pa- 
tients serum cholinesterase(4), zinc turbidity 
(5), and thymol turbidity(6) were also meas- 
ured. sie 

Results. With repeated infusions of dex- 


tran, levels of dextran as high as 2.5 g % 
were found in the serum. Dextran was but 
slowly removed; appreciable levels were still 
present in the serum 10 to 15 days after in- 
fusion. Hematocrits and total serum protein 
concentrations changed inversely with the 
dextran level. In general the sum of the con- 
centrations of protein and dextran remained 
constant, and roughly equalled the total pro- 
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PABLE I. Correlations among Serum Proteins, 
Serum Dextran, and Hematocrit. 
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All correlations are highly significant. With 80 
degrees of freedom (all correlations are based on 
83 or more pairs) a correlation coefficient of .28 
has a probability of .01. 


* Correlation coefficients between percentage 
changes in serum proteins and hematoerit differ 
from those above by .03 or less. 


tein concentration before dextran infusion. 


In all patients, both liver disease patients 
and others, the serum globulin concentration 
decreased more than that of the serum al- 
bumin, so that the albumin:globulin ratios 
rose. These differential changes in albumin 
and globulin fractions were observed by both 
chemical methods used for analysis, and also 
in the paper electrophoresis patterns. By the 
latter technique the various globulins were 
found to be reduced equally. 

In the patients in whom it was measured, 
the serum cholinesterase fell with dextran in- 
fusion. Abnormally high zinc and thymol 
turbidity values fell to the low normal range. 
(hides hy: 

Discussion. Part of the reduction of serum 
protein concentration was certainly caused by 
expansion of the plasma volume by dextran. 
However, the increase in plasma volume cal- 
culated from changes in hematocrit accounted 
for only a part of the gain in body weight. 
Also it may be seen in Table I that the pro- 
tein changes were less well correlated with the 
hematocrit changes than with the serum con- 
centrations of dextran. The different per- 
centage changes in albumin and globulin can- 
not be explained by plasma volume expansion. 
This difference was not caused by interfer- 
ence by dextran with the analytic method. 
because similar changes were found by the 
paper electrophoresis technique. Similar 
changes have been observed by Jaenike and 
Waterhouse (7). 

Expansion of the interstitial fluid as well 


as the plasma volume must have occurred in 
these patients. Since the molecular size of the 
globulins is much @reater than that of al- 
bumin the rate of transfer of globulins across 
the capillary wall should be slower than that 
of albumin. Therefore with transfer of fluid 
and protein from the plasma to interstitial 
fluid to compensate for the hypervolemia, the 
albumin concentration should fall faster than 
that of the globulin. A significant fall in to- 
tal circulating albumin, but not in globulin, 
has been observed shortly after a rapid in- 
fusion of dextran(8). Later as dextran is 
metabolized and as fluid and dextran are ex- 
creted, albumin should return more rapidly 
to the plasma than globulin. This process of 
reequilibration may possibly explain the rela- 
tively greater reduction of globulin than of 
albumin which was observed. 


The changes in albumin and globulin con- 
centrations may also be explained by reduc- 
tions in rates of synthesis. Since serum cho- 
linesterase activity seems to parallel the rate 
of albumin synthesis(9), the observed reduc- 
tion in cholinesterase may be taken as evi- 
dence of a decreased rate of albumin synthe- 
sis. Colloids similar to dextran are taken up 
by the reticulo-endothelial system, the site of 
globulin synthesis. Thus dextran might rea- 
sonably be expected to depress globulin syn- 
thesis. If dextran does reduce the rates of 
synthesis of albumin and globulin, there is no 
reason to expect, @ priori, that the reductions 
need be the same. 


The changes to normal of elevated zinc and 
thymol turbidity values are doubtless sec- 
ondary to the relative changes in albumin and 
globulin. 


Summary. Daily infusions of dextran were 
given to 13 patients for as long as 15 days. 
In addition to the decrease in total serum pro- 
tein from plasma volume expansion, dextran 
was found to produce a relatively greater de- 
crease in globulin than in albumin. Serum 
cholinesterase activity decreased, and zinc 
and thymol turbidity values fell. 
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Effect of High Levels of Fat, Lactose, and Type of Bulk in Guinea Pig 


Diets.* 


(21940) 


H. R. HEINICKE AND C. A. ELVEHJEM. 


From the Department of Biochemistry, College of Agriculture, University of Wisconsin, Madison. 


Woolley and Sprince(1) reported that sup- 
plements of certain inert materials, such as 
powdered cellophane and Cellu flour, improved 
the growth of guinea pigs fed purified diets. 
Booth e¢ al.(2) who found a similar beneficial 
action of bulk, reported gum acacia (formerly 
called gum arabic) to be slightly superior to 
Cellu flour. However, Reid and Briggs(3) 
could not always obtain consistent growth with 
diets containing gum acacia, and turned to the 
use of Spangles,t a coarsely-ground cellophane 
product. 

In this paper we are presenting further 
studies on the effect of different types of bulk, 
especially Solka-floc,* a very pure. finely- 
ground and relatively inexpensive cellulose 
product, on the growth of guinea pigs as well 
as the effect of different levels of fat and 
lactose. 

Methods. To test the effectiveness of these 
different materials, 3 types of diets were de- 
vised, including a “normal”, a high-fat 24% 
corn oil, and one with lactose as the only 
carbohydrate. The latter 2 diets were chosen 
because more information was desired on the 
effect of these substances on the deposition of 
liver fat in guinea pigs fed milk diets(4). The 


* Published with the approval of the Director of 
the Wisconsin Agri. Exp. Station. Supported in part 
by a grant from the National Livestock and Meat 
Board. 

+ Rayon Processing Co., Pawtucket, R. I. 

t Brown and Co., Berlin, N. H. 


basal or normal diet used in this experiment 
provided per 100 g of ration in g: sucrose. 
43; casein, 30; bulk, 15; salts IV, 4(5); corn 
oil, 4; potassium acetate, 2.5; choline-Cl, 
0.75; magnesium oxide, 0.50; and vitamin 
mix, 0.25. The vitamin mix provided per 100 
g of ration in mg: inositol, 200; niacinamide, 
20; p-aminobenzoic acid, 10; Ca-pantothen- 
ate, 8; riboflavin, 3; thiamine-HCl, 2; pyri- 
doxine-HCl, 2; folic acid, 1; in-p»g: biotin, 
100; Bio, 4. Fat soluble vitamins were pro- 
vided weekly by dropper in the following 
amounts: “A, 2000 1.U;;)D, 20,1. Uv Beale 
mg; K, 0.2 mg. It should be noted that the 
diets contained 2.5 times the level of choline 
normally used in guinea pig diets to allow for 
any greater need with high-fat diets. The 
addition of corn oil to the high-fat diets and 
to those with graded levels of corn oil was 
made at the expense of sucrose. The care and 
feeding of guinea pigs have been described 
elsewhere(6). Since the diets differed so 
widely, the guinea pigs were initially divided 
into 3 groups with each group gradually being 
adapted to its particular diet. After adapta- 
tion, each of the 3 dietary groups was sub- 
divided into 3 groups of 5 guinea pigs each, 
with the same average starting weight within 
each main group (normal, 194 g; high-fat, 221 
g; and lactose, 217 g). The 3 normal groups 
were on experiment for 4 weeks after which 
they were redistributed into groups averaging 
380 g. These groups were fed diets with 4, 8, 
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TABLE I. Comparison of Gum Acacia, Spangles 
and Solka-floe as Bulk for the Guinea Pig. 


Avg growth in g/day 
Gum Solka- 


Diet and time acacia Spangles floc 


7.4 


Normal, 4 wk 6.5 6.1 
High-fat, 6 wk 3.8 4.5 4.9 
(% liver fat wet basis) (5.1 (5.4) (4.3) 
Lactose, 2 wk 1.0 1.8 2.0 
Lactose, 4 more wk 2.6 
16 lactose & 1% sucrose, 4 wk 5.6 
Graded levels of corn oi] 4% 8% 12% 
7 


_ (Solka-floc) 3 wk 5.8 5.3 he 


and 12% levels of corn oil with Solka-floc as 
the bulk for 3 weeks. The 3 groups receiving 
high-fat diets were on experiment for 6 weeks, 
after which the livers were analyzed for fat by 
the method of Bixby et al.(7). The groups 
receiving lactose as the carbohydrate were on 
experiment for 2 weeks, after which the 12 
remaining animals were redivided into 2 
groups. One group containued to receive 
lactose as the only carbohydrate, and the other 
group had half of the lactose replaced by 
sucrose. Both groups received Solka-floc as 
the bulk, and were on experiment for 4 weeks. 

Results and discussion. The results in 
Table I show that of the 3 types of bulk, 
Solka-floc supported slightly better growth 
with each type of diet. The feces from the 
guinea pigs receiving Solka-floc were the most 
normal in appearance. For these and other 
reasons previously mentioned, Solka-floc was 
used as the bulk in all subsequent guinea pig 
diets. 

The general appearance of the guinea pigs 
receiving the high-fat diet with gum acacia, 
was definitely inferior to that of the other 
groups, probably due in part to the fact that 
gum acacia is less absorbent and left a more 
oily ration, which tended to stick to the fur of 
the animals. The livers of the animals re- 
ceiving the high-fat diets were almost normal 
in appearance and fat in content. Although 
the livers of the group receiving Solka-floc had 
slightly less fat, none of the livers were very 
fatty since a normal guinea pig liver will 
average about 4% fat. 

With high-fat diets, one animal died in the 
group receiving gum acacia and also one in 


the group receiving Spangles. However, the 
relatively good growth observed with the 
group receiving high-fat with Solka-floc was 
somewhat surprising. This suggested that the 
guinea pig could utilize high levels of corn 
oil. Consequently, the groups of animals that 
had been receiving the normal diets were re- 
distributed and given diets with graded levels 
of corn oil. It is apparent from Table I that 
the group receiving 12% corn oil grew very 
well, somewhat better than the groups receiv- 
ing 4 or 8% corn oil. Asa result of this find- 
ing the corn oil content of all guinea pig diets 
for subsequent experiments was raised to 
7.4% to permit easier mixing and to lessen the 
wastage of rations that become rather dry 
and loose with the use of Solka-floc and only 
4% corn oil. 

The guinea pigs receiving lactose as the sole 
carbohydrate grew very poorly, as can be seen 
by the growth of only 2.0 g or less/day. One 
animal from each group died within the first 
2 weeks. When the remaining animals were 
redivided into 2 groups, the substitution of 
sucrose for % the lactose in this diet resulted 
in a marked improvement in growth. This 
group gained an average of 5.6 g/day for 4 
weeks as compared to the growth of only 2.6 
g/day for the group continuing to receive 
lactose as the only carbohydrate. This would 
indicate that there is very little adaptation 
by the guinea pig to utilize lactose under these 
conditions. 

The results of these experiments would also 
suggest that the poor growth of guinea pigs 
fed milk diets is primarily due to the lactose 
in the diets, although preliminary evidence (4) 
indicates that these diets may also be de- 
ficient in potassium, magnesium, arginine, and 
possibly other substances. Although these 
experiments do show that guinea pigs can 
utilize 12% corn oil very effectively and 24% 
rather well, they do not shed much light on 
the cause of the very fatty livers found in 
guinea pigs fed milk diets. The possibilities 
still exist that deficiencies in vitamins or 
amino acids or differences in kind and level of 
fat may be etiological factors in this con- 
dition. 

Summary. Gum acacia, Spangles, and 
Solka-floc have been compared as bulk agents 
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for the guinea pig by employing normal, high- 
fat, and lactose diets. The average growth 
rate of the groups receiving Solka-floc was 
slightly better in all cases. Guinea pigs grew 
very well on diets containing 12% corn oil 
(7.7 g/day) and at a rate of 4.9 g/day with 
24% corn oil diets using Solka-floc as the 
bulk. Guinea pigs fed diets with lactose as 
the sole carbohydrate grew at a rate of about 
2.0 g/day. Substitution of sucrose for half 
of the lactose increased growth to over twice 
the rate obtained with lactose alone. 
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R. M. GREENWAY AND J. H. QUASTEL. 


From Research Institute, Montreal General Hospital, Montreal, Canada. 


Succinyldicholine (SDC), a short-acting 
muscle relaxant(1), has replaced to a consid- 
erable extent the older relaxants d-tubocura- 
rine and decamethonium since its introduction 
in 1949(2). Little systematic work, however, 
has yet been reported on its mode of break- 
down in the body. It is known(3) that there 
is little excretion of unchanged SDC after in- 
travenous injection and that, im vitro, serum 
cholinesterase hydrolyses SDC to  succinyl- 
monocholine (SMC) and choline(4,5). This 
enzyme also hydrolyses SMC to succinic acid 
and choline, but at a much lower rate(5,6). 
In many patients with a low serum-cholines- 
terase level, a prolonged response to SDC is 
encountered(7,8) but it is also known that a 
similar abnormal prolongation of the period 
of relaxation after SDC administration can 
occur in subjects with normal serum-cholines- 
terase levels(9,10). It seems possible that 
this lack of correlation between serum-cholin- 
esterase level and duration of relaxation may 
be due to the presence of another esterase 
which is also capable of hydrolysing SDC. It 
has also been suggested(11) that SMC, which 


*We are most grateful to Messrs. Burroughs- 
Wellcome and Co., Inc., Tuckahoe, N. Y..for a 
grant which made this work possible. 


itself has slight muscle-relaxant properties 
(12), accumulates in the body after SDC ad- 
ministration and potentiates the action of 
SDC. Since the hydrolysis of SMC by serum 
cholinesterase is slow, especially in -the pres- 
ence of SDC(5), SMC might be expected to 
accumulate under these conditions unless there 
is another esterase in the body which is also 
capable of hydrolysing SMC. 

It was therefore decided to determine 
whether esterases hydrolysing SDC or SMC 
are present in other tissues. The present 
communication concerns such an enzyme 
which is present in liver and which is distinct 
from liver cholinesterase. This enzyme cata- 
lyzes the hydrolysis of SMC but is without 
action on SDC. 


Materials and methods. Samples of suc- 
cinyldicholine dichloride and succinylmono- 
choline iodide were kindly supplied by Bur- 
roughs-Wellcome & Co. The rats used were 
a local hooded strain (170-220 g). The ani- 
mals were stunned and exsanguinated, and the 
tissues removed and placed in cracked ice. 
Homogenates (17% in water) were prepared 
in Potter-Elvehjem type homogenizers at 
0-5°C. The rates of enzymatic and non- 
enzymatic ester hydrolysis were followed in 
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TABLE I. Hydrolysis of SMC and SDC by Rat 


Liver Homogenate. 


Rate of hydrolysis, ul CO./hr above 
endogenous 
With 170 mg With 340 mg 


Without homogenized homogenized 


Substrate enzyme rat liver rat liver 
01M SMC 0 55 ca 
EL 54 110 
1M SDC 14 33 929 
58 58 


02M ~ 28 


the conventional Warburg apparatus by meas- 
urement of the COs evolution from a 0.025 M 
sodium bicarbonate medium under anaerobic 
conditions at 37°C. The initial concentration 
of ester was normally 0.01 M, the total volume 
3.0 ml and the vessels were gassed with 93% 
No-7% COs for 20 minutes. The substrates 
were tipped in from the sidearms and after a 
further period of 10 minutes an initial reading 
was taken. Readings were then taken every 
10 minutes for a period of one hour. Liver 
homogenate was separated into sub-cellular 
fractions according to the method of Schneider 
03.) 

Results. Rat liver homogenate increases 
the rate of production of CO» from SDC and, 
to a greater extent, from SMC. Unlike the 
hydrolysis by serum, this liver-catalysed 
hydrolysis was not inhibited by 10° M 
eserine or by 10° tetraethylpyrophosphate 
(TEPP). However, a study of the kinetics 
of SDC hydrolysis showed that the rate of 
hydrolysis was not increased when the con- 
centration of liver homogenate was doubled, 
but that the rate was doubled by doubling the 
concentration of SDC (from 0.01 M to 0.02 
M). With SMC, however, doubling the en- 
zyme concentration doubled the rate of hy- 
drolysis but increasing the substrate concen- 
tration from 0.01 J/ to 0.02 M gave no in- 
crease in activity. Typical results are given 
in Table I. Since SDC has an appreciable 
rate of non-enzymatic hydrolysis under the 
given experimental conditions, the enzymatic 
hydrolysis of the SMC produced by this 
process would account for the observed 
activity in the SDC-liver homogenate sys- 
tem. These observations led to the conclu- 
sion that the liver esterase hydrolyses SMC 
but not SDC. The enzyme is provisionally 


termed “succinylmonocholine esterase” (SMC- 
esterase). The SMC-hydrolysing activities of 
rat, guinea pig, rabbit and human liver are 
shown in Table IT. 

Distribution of enzyme activity in rat liver. 
A 30% homogenate of rat liver in 0.25 M 
sucrose was fractionated by differential cen- 
trifugation at O°C into nuclear, mitochondrial, 
microsomal and soluble fractions. As shown 
in Table III, most of the SMC-hydrolysing 
activity is located in the mitochondrial frac- 
tion. The slight activity observed in the nu- 
clear fraction is probably due to the presence 
of some unbroken cells. In preliminary work 
on SMC-esterase, suspensions of guinea pig 
and rat liver mitochondria, prepared by frac- 
tional centrifugation in 0.25 M sucrose, were 
used as a source of the esterase. However, 
owing to the relative instability of these prep- 
arations, an attempt was made to prepare a 
stock of semi-purified enzyme in concentrated 
solution. 

Preparation of a purified SMC-esterase, 
Acetone-dried rat liver was prepared by homo- 
genizing rat liver with ice-cold acetone in a 
Waring blender, filtering by suction and wash- 
ing several times on the filter with cold ace- 
tone. The powder was dried and stored in a 
vacuum desiccator at O°C. The resulting 
powder contained an active SMC-esterase, but 
the enzyme could not be extracted from the 
powder with water. A suitable extraction 
medium was found to be 0.25 M ammonium 


TABLE II. Hydrolysis of SMC by Liver Tissues. 


Rate of 
hydrolysis of 
0.01M SMC, 
ul CO./hr/100 


Enzyme preparation mg liver 


‘ 9) 99 92f 
B05 ol by Brady ONO) 


Rat liver homogenate 


shees 3 
Guinea pig liver homogenate 26, 26).27, 28, 34 
Rabbit hyer homogenate figts 
Human liver homogenate 13 
(36 hr post-mortem ) 
Human liver homogenate* 7 
(fresh ) 


* This sample was removed as a small slice (250 
mg) during a choleeystectomy operation and im- 
mediately frozen in an acetone-solid CO, mixture. 
Hnzyme activity was determined 1 hr later. The 
low value may be due either to freezing procedure 
employed or to liver damage in the patient. 
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TABLE III. Hydrolysis of SMC by Cellular Frac- 
tions of Rat Liver. 


SMC-hydrolysing activity, 


Fraction ul CO./hr/mg nitrogen* 
Whole homogenate 10 
Nuclear fraction 15 
Mitochondria 130 
Microsomes 5 
Soluble 1 


* Determined by micro-Kjeldahl method. 


hydroxide. A 5% suspension of the rat liver 
powder in this medium was homogenized for 
2 minutes in a Waring blender in the presence 
of a few drops of octyl alcohol. The suspen- 
sion was allowed to stand at 5°C for 15 min- 
utes and then centrifuged at 20,000 x gravity 
for 15 minutes. The viscous supernatant was 
brought to pH 7.4 with 5% acetic acid and 
the heavy precipitate formed was removed by 
centrifugation at 3,300 x gravity for 10 min- 
utes. The resulting supernatant contained 
60% of the total activity present in the orig- 
inal acetone powder. The extract was then 
fractionated with ammonium sulfate. The 
precipitate formed at 33% saturation with 
ammonium sulfate had only slight esterase 
activity with SMC as substrate, but when the 
concentration of ammonium sulfate was raised 
to 50% saturation, a precipitate was formed 
which contained 60% of the activity of the 
unfractionated extract. The supernatant from 
this precipitate contained no detectable activ- 
ity. The activity of all fractions was deter- 
mined after dialysis against running tap-water 
overnight. 

The fraction with the high SMC-esterase 
activity (33-50% saturation) had a very low 
cholinesterase activity with acetyl- or benzoyl- 
choline as substrate. Further, the SMC- 
esterase was unaffected by 10°* M TEPP, 
whereas the cholinesterase was completely in- 
hibited. Work is now in progress to determine 
the substrate specificity of the purified prep- 
aration of SMC-esterase and to study its re- 
sistance to other esterase inhibitors. 

Discussion. SMC-esterase might prevent 
the accumulation of SMC in the body after 
SDC administration if present in an active 
form in man. This would suggest that SMC 
accumulation is not responsible for the pro- 
longed effect of SDC sometimes observed. 


However, it is possible that in such cases the 
liver SMC-esterase level and not the serum 
cholinesterase level is abnormally low and thus 
allows the accumulation of SMC. It is of in- 
terest that a choline ester, namely SMC, 
should be hydrolyzed in liver by an enzyme 
which is distinct from the cholinesterases of 
Whittaker’s classification(14). 


Summary. 1. The livers of rat and of other 
animals, including man, contain an esterase, 
distinct from known cholinesterases, which 
hydrolyses succinylmonocholine. The enzyme 
is located in the mitochondria and can be ex- 
tracted from a liver acetone-powder with 
dilute ammonium hydroxide. It has been par- 
tially purified by ammonium sulfate fractiona- 
tion of a liver extract, and the final prepara- 
tion was almost free of cholinesterase activity. 
The enzyme is TEPP insensitive. 2. The 
possible role of this enzyme in recovery of 
muscular control after succinyldicholine 
administration is discussed. 
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Alterations in Renal Threshold for Sugar by Oral Administration of 


Cortisone Acetate. 


(21942) 


_ 


H. K. ReckEenporr,* T; H. McGavack, AND M. A. BoLtuxKocLv. 


From the New York Medical College, Metropolitan Center Research Unit, Bird S. Coler Hos pitai, 
Welfare Island, N. Y. City. 


Because of widespread clinical use of ACTH 
and cortisone, their influence upon renal 
threshold for sugar is of more than academic 
interest. Holten and Lundbraek(1) noted 
glycosuria without appreciable rise in fasting 
or maximum blood sugar levels in well con- 
trolled patients by administration of 100 mg 
of ACTH daily. These findings were con- 
firmed by Kass(2), whereas Fillipis(3), work- 
ing independently, found the renal threshold 
for glucose to be significantly increased after 
use of ACTH in single doses not higher than 
40 mg. The effect of DOC glucoside on renal 
tubular reabsorption in dogs was investigated 
by Despopoulos and Kaufman(4), who found 
a reversible depression of renal reabsorption 
capacity for glucose. To obtain such data 
after the use of cortisone, renal threshold de- 
terminations were made in 8 patients. 

Methods and procedures. Four patients 
were studied, 2 men and 2 women, aged 75, 
77, 59, and 64, respectively. One had a 
diaphragmatic hernia and no other pathology. 
The other 3 were objects of custodial care 
without any obvious pathologic conditions, ex- 
cept a degree of arteriosclerosis compatible 
with age. None of the patients had ever had 
evidence of diabetes mellitus. After 10 P.M. 
of the evening preceding each test, food and 
fluids were withheld. An indwelling catheter 
was inserted 15 minutes before the test and 
the bladder emptied. After a fasting blood 
sugar specimen had been taken, infusion of a 
20% solution of glucose in water was started. 
The infusion was allowed to flow at a speed 
of 10 ml per minute. The blood and urine 
were examined for glucose at 5-minute inter- 
vals, the infusion stopped as soon as a positive 
reaction for sugar was found in the urine. 
For each of 6 immediately consecutive days, 
the patients were given 200 mg of cortisone 
acetate orally and their regular ward diets 
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were kept at an isocaloric level of 2200 calo- 
ries. On the 7th day, the above procedure was 
repeated. Before, during and after the test, 
patients were on a regular ward diet. This 
method provided us with some rather strik- 
ingly uniform data about the “breakdown” of 
the kidney threshold, as a result of administra- 
tion of glucose and glucose in conjunction 
with cortisone acetate. In a second group of 
4 patients, we determined not only the point 
at which the renal threshold was exceeded, 
but also the point of its restoration after treat- 
ment with glucose alone and glucose plus cor- 
tisone acetate, respectively. The technic re- 
mained essentially the same as for the first 
study, except that values for glucose in blood 
and urine were determined after stopping the 
infusion until the urine was found to be 
aglycosuric. The subjects of the second 
group, 2 of whom were men, 69 and 76 years 
old, respectively, and 2, women, 70 and 72 
years old, respectively, were free of any active 
organic disease, other than the vascular 
changes compatible with age. 


Results. Study I. In all 4 patients of the 
first group, we found a lowered threshold for 
glucose following treatment with cortisone. 
Glycosuria occurred at definitely lower level 
for blood sugar. The difference between values 
before and after cortisone varied from 52 to 
132 mg per 100 ml (Table I and Fig. 1). The 
average decrease in the threshold for glucose 
was 86 mg per 100 ml. Administration of 
cortisone was associated with a shortening of 
the time necessary to exceed the renal thresh- 
old for glucose in 2 subjects, a lengthening 
in one, and no change in the fourth (Table I). 

Study II. In the second group of 4 patients. 
we confirmed the findings of Study I, although 
in case No. 7 (Table I) the decrease in the 
threshold was not as evident as in the other 
subjects. In this individual, during the first 
test, glucose appeared in the urine between 
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FIG. 1. Breakdown of the renal threshold for 


sugar before and after treatment with cortisone 
acetate—200 mg orally daily for 6 days (arithme- 
tical averages for cases 1-4). 
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FIG. 2. Breakdown and restoration of the renal 

threshold for sugar before and after treatment 

with cortisone acetate—200 mg orally daily for § 
days (arithmetical averages for cases 5-8). 


blood sugar levels of 327 and 346 mg per 100 
ml, while after administration of cortisone 
acetate this occurred between 218 and 358 
mg per ml. During the 5-minute span, it 
seems likely that glucose may have been ex- 
creted into the bladder before the higher level 
of 358 mg per 100 ml was reached. 

In addition to confirmation of the previous 
findings, we determined the “restoration” of 
the kidney threshold in these 4 subjects. In 
all of them, there was a marked decrease in the 
blood sugar level at which restoration of the 
threshold occurred following the use of cor- 
tisone acetate (Table I and Fig. 2). The dif- 


ferences before and after the use of cortisone 
acetate varied from 35 to 116 mg per 100 ml 
with an average of 89 mg per 100 ml. Not 
only was the renal threshold for sugar lowered 
by cortisone, but also all values for blood 
sugar seemed to be depressed, thus producing 
a depressed or low glucose tolerance curve 
(Fig. 2). Following administration of corti- 
sone acetate, the time necessary to exceed the 
renal threshold for sugar was unchanged in 
2 and shortened in 2 (Table I). The time 
required to “restore” the renal threshold for 
sugar was not altered by the amounts of cor- 
tisone given in these studies (Table I and 
Figs2.):. 

Summary. A simple method is described 
for determination of the renal threshold for 
glucose in untreated and cortisone-treated in- 
dividuals. In 4 patients the ‘“‘breakdown” of 
the glucose-threshold was investigated and was 
found to be markedly decreased after 6 days 
of orally administered cortisone, 200 mg daily. 
The decrease amounted to an average of 86 
mg per 100 ml of blood with a range from 52 
to 132 mg per 100 ml. In another group of 
4 patients, both the “breakdown” and the 
“restoration” thresholds were determined. 
The breakdown values for the first group were 
confirmed and in addition the restoration of 
the threshold was also found to be at a lower 
level for blood sugar, averaging 68 mg per 100 
ml less after cortisone than before it with in- 
dividual variations from 35 to 116 mg per 
100 ml. 
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Suppression of Adrenal Compensatory Hypertrophy by Hypothalamic 


Lesions.* 


(21943) 


Brooke D. Futrorp AND S. M. McCann. (Introduced by F. B. Benjamin.) 
From the Department of Physiology, University of Pennsylvania School of Medicine, Philadelphia. 


There is general agreement that lesions of 
the median eminence suppress the acute 
adrenal cortical response to stress(1,2,3).  In- 
terruption of the supraopticohypophyseal 
tract as evidenced by diabetes insipidus ap- 
pears to be responsible for this failure of the 
normal stress-induced discharge of adreno- 
corticotrophin (ACTH) (4). In the adrenal- 
ectomized rat maintained on desoxycorticos- 
terone, acute stress results in very high levels 
of blood ACTH. If rats with hypothalamic 
lesions are adrenalectomized and subjected to 
acute stress, no detectable ACTH can be 
found in blood(5). In addition to acute 
stress, it is known that adrenalectomy results 
in an increase in pituitary ACTH output(6,7). 
This increase can not be demonstrated in 
adrenalectomized rats with hypothalamic le- 
sions, and this suggests that the increased 
ACTH secretion following adrenalectomy 
may also be dependent upon hypothalamic ac- 
tivity(5). However, smail increases in blood 
ACTH concentration above the normal, un- 
stressed level would not be detected by the 
assay emploved. It was of interest, therefore, 
to determine whether the compensatory hy- 
pertrophy which follows unilateral adrenalec- 
tomy would occur in rats with hypothalamic 
lesions. This hypertrophy is presumably due 
also to increased ACTH discharge consequent 
to a fall in blood steroids following unilateral 
adrenalectomy(8,9). The present results in- 
dicate that lesions which interrupt the supra- 
opticohypophyseal tract suppress the com- 
pensatory hypertrophy following unilateral 
adrenalectomy, but they also suggest that a 
small response may be present. 

Methods. Bilateral lesions were produced 
in the hypothalamus of adult male rats of the 
Wistar strain with the aid of a Krieg stereo- 
taxic instrument. Three weeks to 2 months 
postoperatively, the rats were subjected to 


* Supported by a grant to John R. Brobeck from 
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left unilateral adrenalectomy under ether anes- 
thesia. Two weeks later the right adrenal was 
removed. Control rats without lesions were 
similarly studied. Adrenals were weighed to 
the nearest 0.1 mg on a torsion balance. Be- 
cause of variations in initial adrenal weights, 
all results are expressed as the percentage 
change in right adrenal weight after unilateral 
adrenalectomy as compared to the weight of 
the previously removed left adrenal. 


Results. Twelve normal rats subjected to 
unilateral left adrenalectomy exhibited an hy- 
pertrophy of the right adrenal equal to 
51 + 8%, when it was removed 2 weeks later. 
Since previous work has shown that the block- 
ade in the acute adrenal stress response in 
rats with-lesions correlates well with the de- 
gree of interruption of the supraopticohypo- 
physeal tract as judged by increased water in- 
take(4), the compensatory adrenal hyper- 
trophy of the control rats and of 48 rats with 
lesions of the hypothalamus was _ plotted 
against their daily water intake in Fig. 1. It 
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HIG. 1. Suppression of compensatory adrenal hy- 
pertrophy in rats with diabetes insipidus. Daily 
water intake on abscissa is plotted against per- 
centage change in right adrenal wt. Each point 
represents mean response of 4 or more rats for 
each increment of 10 ml or a multiple thereof of 
water consumption per day. Solid line represents 
result found in rats with lesions where both 
adrenals were removed simultaneously. 
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can be seen that the degree of hypertrophy 
fell off very rapidly as water intake increased 
above the normal level of 35 ml/day. At lev- 
els of water intake above 100 ml/day, the 
compensatory hypertrophy fell to a minimal 
value of approximately 10%, and it remained 
at this figure with increasing values of water 
intake. The mean increase in right adrenal 
weight of all 20 animals with water intakes of 
100 ml/day or more was + 9+ 4%. In an- 
other series of rats with hypothalamic lesions, 
when the 2 adrenals were removed simul- 
taneously, the right adrenal weighed on the 
average 11 + 2% less than the left adrenal. 
Consequently, in the rats with diabetes insip- 
idus the response to unilateral adrenalectomy 
was + 9 + 4% plus 11 + 2%, or a total gain 
of approximately 20% above the expected 
weight of glands from this location in rats 
with lesions. This gain is 30% of the gain 
exhibited by normal animals. This small 
residual response was statistically significant 
if compared to the results obtained when both 
adrenals were removed simultaneously in the 
rats with lesions (P<0.01). 

Nearly all rats gained weight during the ex- 
perimental period. Five of the 53 rats with 
lesions, however, lost 10% or more of their 
body weight during this time, and all of these 
5 animals exhibited hypertrophy of the re- 
maining adrenal, the mean response being 
+56 + 14%, a value similar to that of the 
control rats without lesions. This hypertro- 
phy in rats with weight loss was independent 
of the water intake which varied between 90 
and 380 ml/day. The results in these rats 
were excluded from consideration in Fig. 1. 

Testicular atrophy occurred in only 6 of 
the 52 rats studied, a result in harmony with 
previous studies indicating that suppression 
of adrenal function can occur in the absence 
of testicular atrophy(1,5). 

Discussion. The present results indicate 
that compensatory adrenal hypertrophy is 
suppressed in rats with hypothalamic lesions. 
This is interpreted to mean that such lesions 
at least partially block the augmented secre- 
tion of pituitary ACTH which normally en- 
sues when the blood level of corticoids is low- 
ered as a result of unilateral adrenalectomy. 
A small response still occurs in such rats. 


Furthermore, if the animals lose significant 
weight during the course of the study, they 
still manifest corfpensatory hypertrophy. 
This hypertrophy is presumed to be due to 
some additional stress which appears to be 
capable of evoking a discharge of ACTH 
when acting over this 2-week time interval 
even in the rat with hypothalamic lesions. It 
has been previously demonstrated that rats 
with extremely severe diabetes insipidus show 
adrenal hypertrophy although the acute 
adrenal stress response is blocked(4,5). Suf- 
ficient rats with severe diabetes insipidus have 
not been subjected to unilateral adrenalec- 
tomy to allow conclusions as to whether they 
would still respond with compensatory hyper- 
trophy. 

The lesions in the present study were de- 
signed to interrupt the supraopticohypo- 
physeal tract in the rostral portion of the me- 
dian eminence. Damage to other structures 
undoubtediy occurred, but the correlation 
between diabetes insipidus and reduction in 
the response to unilateral adrenalectomy 
agrees with the results of previous work in 
which it was demonstrated that blockade of 
the acute adrenal stress response in rats could 
be correlated only with injury to the supra- 
opticohypophyseal tract (4). 

Our results are in good agreement with 
those recently reported by Ganong and Hume 
in the dog(10), who correlated a complete 
absence of compensatory hypertrophy with 
lesions which destroyed an estimated 50% or 
more of the median eminence. In our experi- 
ence a small response is still present in rats 
with lesions. 

The secretion of ACTH which normally 
follows adrenalectomy is believed to be caused 
by the fall in blood level of corticoids follow- 
ing removal of the adrenals(5,7). In animals 
with appropriate hypothalamic lesions there 
is a suppression of this ACTH secretion. It 
appears that this suppression may have two 
possible explanations. Either the steroids 
normally act directly upon the hypothalamic 
or other nervous structures to inhibit neural 
activity when the blood level is raised and to 
stimulate it when the level falls. Or if the 
steroids act directly upon the cells of the an- 
terior pituitary gland, then the sensitivity of 
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these cells to the level of cortical steroids 
present in the blood must be affected by the 
neurohumor presumed to be secreted by the 
hypothalamus. Our data do not permit us to 
decide which of these possibilities is correct. 
Conclusions. The compensatory adrenal 
hyvertrophy which normally follows unilateral 
adrenalectomy is suppressed in rats with dia- 
betes insipidus produced by hypothalamic 
lesions. 
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Plaque Formation of Poliomyelitis Viruses on Human Amnion Cell 


Cultures.* 
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In a previous publication(1) human am- 
nion cells were reported to support propaga- 
tion of poliomyelitis viruses, and it was indi- 
cated that tissue cultures obtained from this 
readily available tissue could provide a source 
for the large scale production of poliomyelitis 
virus. 

In the present work plaque formation in 
monolayer tissue cultures of amnion cells by 
the 3 types of this virus was obtained, similar 
to the plaque formation by this virus in mon- 
key kidney and testis cultures(2) and human 
cancer (HeLa) cell cultures(3). It is, there- 
fore, possible to employ this tissue also for 
the quantitative assay of poliomyelitis virus. 

Material and methods. Virus. Poliomye- 
litis viruses, type 1, strain Mahoney; type 2, 
strain MEF-1; type 3, strain Saukett, ob- 
tained from Dr. Jonas Salk in 1952, were 
passed several times in monkey kidney cells, 
3-4 times in HeLa cells and finally 1 or 2 
times in monkey kidney cells. The final virus 
preparations were stored at —60°C. Cells. 
Monolayer cultures of human amnion cells 


* Aided by a grant from the American Cancer 
Society and a grant from the National Foundation 
for Infantile Paralysis. 


were prepared in 50 mm petri dishes as previ- 
ously described(1). After centrifugation the 
cell pack was diluted 1:120 and the cultures 
were grown at 37°C in a 3% COp2-atmosphere 
in a medium consisting of 20% ox serum and 
Earle’s balanced salt solution containing 0.5% 
lactalbumin hydrolysate (Nutritional Bio- 
chemicals). The culture fluid was replaced 
by fresh medium after incubation for 4-5 
days. The cell sheet was usually confluent 
after 10-14 days. Infection and overlay. The 
cultures were washed 3 times with buffer solu- 
tion at 37°C after removal of the nutrient 
fluid and inoculated with 0.3 ml of various 
dilutions of the virus preparation. After per- 
mitting adsorption of the virus for at least 30 
minutes at 37°C, the plates were overlayed 
with 3-4 ml of melted agar containing nutrient 
fluid. 100 ml nutrient fluid consisted of 55 
ml 1% Difco yeast extract in distilled water, 
6 ml 5% bovine albumin powder V (Armour) 
in Hanks’ solution, 9 ml 5% NaHCOs in dis- 
tilled water and 30 ml 10 times concentrated 
Hanks’ solution without phenol red(4). One 
part of 3% agar was melted and kept in a 
water bath at 44°C. One part of the nutrient 
fluid was mixed with an equal volume of dis- 
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tilled water and added to the agar. After 21% 
days of incubation at 37°C the plates were 
stained with 0.3 ml of 1:4000 neutral red in 
phosphate buffer solution. 

The monkey kidney plate cultures used for 
comparative assays were prepared by the 
technique devised by Dulbecco and Vogt(2) 
and grown in a medium consisting of 2% ox 
serum and Earle’s balanced salt solution with 
0.5% lactalbumin hydrolysate. The plates 
were infected, overlayed and incubated as 
were the amnion plates. 

Results. Fig. 1 shows the plaques pro- 
duced by inoculating suitable dilutions of the 
3 types of poliomyelitis virus on monolayer 
cultures of first generation human amniotic 
cells. The plaques were almost round areas 
which could be easily seen and counted with- 
out magnification. The size of the plaques 


Plaques of pohomyelitis viruses on human amnion cell cultures 72 hr after infection. 


train MEF-1; 3: Type 3, strain Saukett. 


was somewhat variable and increased with 
time of incubation until the plaques became 
confluent. At an early time when the plaques 
were still small it was possible to count up to 
approximately 200 plaques in one plate, since 
they were very easily discernible. 

Table I shows a comparison of titers ob- 
tained for 4 different samples assayed on mon- 
key kidney and human amnion plate cultures, 
at the same time under identical conditions. 
It can be seen that the number of plaque 
forming units per ml of Mahoney and MEF-1 
virus estimated from the amnion plates was 
consistently higher than that from the mon- 
key kidney plates. This difference was not 
observed for the single Saukett virus assay. 
More detailed comparison of the titers ob- 
tained in the 2 tissue culture systems is being 
made in this laboratory. 
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TABLE I. Number of Plaques and Calculated Plaque Forming Units ( ‘ ; 
Samples of Poliomyelitis Virus Assayed on Monkey Kidney and Human Amnion Plates in 
‘ Various Dilutions. 
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Human amnion 
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LOes 88, 107, 90 i eLO 85, 68 2.6 XX 107 
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Summary. Plaque formation of all 3 types 
of poliomyelitis virus has been obtained in 
monolayer cultures of human amnion cells. 
The plaque titer obtained on amnion was 3-6 
times higher than on monkey kidney cell cul- 
tures for strains Mahoney and MEF-1. 
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In vitro and In vivo.* (21945) 
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Mengo encephalitis virus has been culti- 
vated in the Ehrlich ascites carcinoma cell in 
vitro(1). While no cytopathogenic effect of 
Mengo virus—in spite of its multiplication— 
was visible in the test tube, its oncolytic prop- 
erty was readily demonstrated in the ascites 
cells in vivo. Some workers have reported the 
inhibition of Ehrlich ascites tumor growth 
when the inoculum was first mixed with New- 
castle disease virus (NDV) either just prior 
to or at the time of inoculation(2). However, 


* The authors wish to thank Dr. Hilary Koprowski 
for his helpful suggestions, and Donald Hendrickson 
for his valuable technical assistance. 


sustained multiplication of the NDV in the 
Ehrlich cells could not be demonstrated (3). 

It seemed of interest to ascertain whether 
this virus could be adapted to grow in the 
Ehrlich ascites tumor and to determine 
whether viral multiplication would result in 
oncolysis in vivo. 

Material and methods. Virus. The New- 
castle disease virus was originally isolated in 
Massachusetts in 1945 by Dr. Van Roekel, 
and is designated MD20Z. It was received 
by Dr. Floyd Markham from the United 
States Bureau of Animal Industry as the fifth 
chick embryo passage of the original strain. 
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In this laboratory it was passaged once in 
chick embryos, then 12 times in duck em- 
bryos, then twice in chick embryos. The 
present designation of MD20Z indicates the 
total passages of the virus to be 20. Undi- 
luted allantoic fluids make up the virus pool. 
Tumor. The Ehrlich ascites tumor was re- 
ceived through the kindness of Dr. George 
Klein of the Karolinska Institute, Stockholm, 
Sweden. The tumor has been continuously 
passiged in this laboratory since 1950 in Swiss 
(or ICR) mice every 7 days. In order to test 
the effect of the virus preparations in vivo, 
female Swiss mice weighing 20-25 g were in- 
oculated i.p. with 0.2 ml of pooled ascitic 
fluid containing 10-30 million tumor cells. 
Virus-tumor cell suspension. Ascites cells 
were collected 7-10 days after implantation. 
washed as previously described(1), resus- 
pended in an arbitrary volume of Parker’s 
synthetic medium 199(4) and the number of 
cells was counted in a standard bright-line 
Neubauer hemocytometer. The average of 4 
counts was taken in order to determine the 
cell concentration. In all experiments the 
final concentration of Ehrlich ascites cells was 
adjusted with medium 199 to give 5 x 10° 
cells per ml. Penicillin and streptomycin were 
routinely added to the culture medium to give 
a final concentration of 100 units and 200 y 
per ml respectively. Virus was added as noted 
in each experiment. Two ml aliquots of the 
cell-virus suspensions were transferred to 15 
x 150 mm pyrex test tubes, which were closed 
with silicone stoppers, placed in a roller drum 
and incubated at 37°C for the desired time 
interval. After incubation the cultures were 
harvested, pooled and stored in rubber-stop- 
pered vaccine bottles at —25°C until the virus 
was used in the next tissue culture passage or 
egg titration was performed. Egg titrations. 
Tenfold dilutions of tissue culture or ascites 
fluid were made in 2% N-Zt amine solution 
(Lederle) containing 2 mg of streptomycin 
per ml. This material was then injected in 
0.2 ml amounts into the chorioallantoic cavi- 
ties of 9-11-day-old embryonated chicken 
eggs. Eggs were incubated at 37°C, candled 


+ Tryptic digest of casein (Sheffield Chemical Co., 
N. Y. City) 2% solution in distilled water. 


daily for seven days, and the number of dead 
embryos recorded. LD5o titers were calcu- 
lated according to the method of Reed and 
Muench(5). Virus identification. Newcastle 
immune chicken serum of high titer, prepared 
in this laboratory, was diluted 1:2 with 2% 
N-Z amine solution containing 2 mg of strep- 
tomycin per ml; mixed with an equal volume 
of undiluted ascitic or tissue culture fluid and 
with 10-fold dilutions thereof; and incubated 
at room temperature for 60 minutes. Eggs 
were inoculated in groups of 5, incubated at 
37°C, and candled as described above. Virus 
identification was confirmed when protection 
was afforded by the immune serum mixture 
in all the dilutions through 10° and no protec- 
tion was afforded by normal serum in control 
egg inoculations performed simultaneously. 
Mouse inoculation. At frequent intervals ali- 
quots of 0.5 ml of undiluted tissue culture pas- 
sage material were inoculated i.p. into a num- 
ber of Swiss mice which had received trans- 
plants of the Ehrlich ascites tumor 4 days 
earlier. A control group of tumor-bearing 
mice was given a similar inoculum of unin- 
tected tissue culture material prepared in the 
same manner and at the same time as the in- 
fected cultures. Analysis of oncolytic effect 
and viral growth. Smears of the ascitic fluid 
from at least 2 experimental and control mice 
were prepared daily, stained by Leishman’s 
method, and examined. Karyorrhexis of tu- 
mor cells or their disappearance from the fluid 
was regarded as cytological evidence of on- 
colysis(6). This assessment of oncolysis was 
confirmed by determination of the survival 
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—-— Adapted NDV Strain 
( 36 th passage) 


— Unadapted Original 
NDV Strain (MD20Z) 


Log of Titer 


(@) 24 48 72 96 120 
Time in Hours 


Virus titer of NDV in Ehrlich cell eul- 
after various intervals of incubation. 


Gee: 
tures* 


* Winall dilution of M207, 10] in bx 20° 
Ehrlich cells/ml. 


ratio of experimental and control groups over 
a period of 30 days. In certain experiments 
3 to 5 mice were killed, the ascitic fluid pooled, 
and egg infectivity titrations performed. In 
some instances neutralization tests were also 
done. 

Results. Virus passage. The serial passage 
of NDV in the Ehrlich ascites cells in vitro 


was begun with a ratio of one egg LD5o of the 
MD20Z strain to 10,000 cells. After 96 hours 
incubation, the tube contents were harvested 
and pooled. This pool, in a final dilution of 
1071, served as inoculum for the second pas- 
sage, which was incubated as before. Starting 
with the third passage and continuing to the 
present (38th), incubation has been for 48 
hours only. From the 13th passage on, each 
tissue culture inoculum was a 10° dilution of 
the preceding tissue culture passage. 


Virus titers at various tissue culture passage 
levels. Egg infectivity titers were determined 
at various passage levels. Fig. 1 gives the re- 
sults of representative titrations, and reveals 
the uniformity of infectious virus content at 
levels after the second passage. Thus the 
13th and 16th passages contained approxi- 
mately the same amounts of virus as subse- 
quent passages, although the latter received 
smaller inocula. Fig. 2 shows the increase, 
during a period of 48 hours, in egg infectious 
virus in the 36th tissue culture passage. In 
contrast, a rapid drop in titer occurred when 
the unadapted parent NDV strain was inocu- 
lated into Ehrlich cell cultures. With the 
adapted strain there was an increase of ap- 
proximately 4 logs in the period of 48 hours, 
whereas the drop in infectivity titer of the 
unadapted strain over the same period of in- 
cubation was 3.5 logs, and no virus was de- 
tectable after 120 hours. 


Inoculation of ascites-bearing mice with 


TABLE I. Summary of Experiments on Ascites-Bearing Mice Inoculated with Neweastle 
Disease Virus Tissue Culture. 


Onset of kary- 


Cytological 
evidence of 


orrhexis (days 
after inocula- 


Virus titer after 


Passage No. oncolysis tion of virus) eet Nein ls 
Parent strain ae ; ‘ =m S> : 
5 0 ee Noh oy 
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28 A 7 2/20 Sa 
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ae secede ; ee ND. 
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14/22 


* No. of mice surviving over No. of tumor-bearing mice 


N.D. = Not done. 


All 150 control mice which did not receive virus inoeulum died. 
+ = Karyorrhexis, but tumor cells persisted until death. +--+ -- Complete disappearance 


of tumor eells in 50% of mice. 
(see footnote tf). 


+++ —Complete disappearance of tumor cells in all mice 


NDV In Exueticn Ascites CELLs 


FIG. 3. Ehrlich ascites tumor eells 7 days after inoculation of uninfected tissue culture 
material. Leishman’s stain * 1400. 

FIG. 4. Karyorrhexis in 2 Ehrlich ascites tumor cells 7 days after inoculation of 10th pas- 
sage of NDV in tissue culture. Leishman’s stain >< 1400. 


NDV tissue culture. Virus from 7 different 
tissue culture passages was injected into mice 
bearing 4-day ascites tumors. Table I gives 
a summary of these experiments, which indi- 
cated that tissue culture passage of the Ehr- 
lich-adapted strain of NDV enhanced its abil- 
ity to produce oncolysis. Initially no on- 


Co 
on 
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colysis was evident, and it was not until the 
10th passage that karyorrhexis was observed. 
This occurred 7 days after virus inoculation 
(Fig. 3 and 4). Inocula from later tissue 
culture passages produced more effective and 
more rapid oncolysis, and the survival ratios 
increased (Table I). Karyorrhexis was ob- 
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FIG. 5. Increase in egg infectivity titers of ascitic 
fluid of mice injected with adapted NDV.* 


* 29th tissue culture passage. 


served 4 days after injection of virus from the 
37th tissue culture passage; no tumor cells 
were seen in the fluid withdrawn from any of 
the 4 mice on the 7th day after virus inocula- 
tion,t and the survival ratio was 14/22. No 
distinction was made between death from as- 
cites and later death from solid tumors at the 
site of the original tumor injection. No virus 
could be detected in ascitic fluid obtained 96 
hours after injection of the parent NDV 
strain; after 29 passages of the virus im vitro 
a comparable sample of ascitic fluid titrated 
to 10°°* in eggs. Fig. 5 shows a 3.5 log in- 
crease in egg-infectivity titer of the ascitic 
fluids obtained daily for 96 hours after injec- 
tion of virus from the 29th tissue culture pas- 
sage. 

Virus identification. Undiluted tissue cul- 
ture material from the 12th, 21st and 35th 
passages, as well as undiluted ascitic fluid ob- 
tained from mice 96 hours after injection with 
the 29th and 36th passages, was completely 
neutralized by NDV immune serum. Also 
chorioallantoic fluids withdrawn from embry- 
onated chicken eggs injected with NDV-nor- 
mal serum controls were spot tested, and gave 
positive hemagglutination which was specifi- 
cally inhibited by high titer NDV immune 
serum. 


Discussion. Inhibition of growth of the 


¢ Less than 1% of tumor cells was observed in 
one smear, but most of these showed advanced de- 
generative changes. 


Ehrlich ascites tumor by the tissue culture 
adapted strain of NDV is different from the 
phenomenon described by Moore and Dia- 
mond(2). These workers regarded the effect 
of the virus on tumor cells as comparable to 
the hemagglutinating action of viruses on red 
cells(6). They did not observe any cytologi- 
cal evidence of oncolysis like that described 
above. The cytological changes which follow 
inoculation of the tissue culture adapted NDV 
are essentially the same as those which have 
been described during the destruction of Ehr- 
lich tumor cells after infection with West Nile 
and Bunyamwera viruses(6,7). Since the lat- 
ter are not hemagglutinating viruses, the cy- 
tolytic action of the adapted strain of NDV 
is probably of the same nature as that of 
other oncolytic viruses, and like them depends 
upon the multiplication of virus in the tumor. 
This was confirmed by the absence of cyto- 
logical changes after inoculation of the orig- 
inal strain of NDV, when virus multiplication 
in the tumor could not be demonstrated; in- 
deed, only the later passages of the adapted 
virus which multiplied to a high degree were 
capable of inducing consistent oncolysis. 


Summary. The propagation of NDV in 
Ehrlich ascites tumor cells maintained in vitro 
is described. After prolonged serial passages 
in vitro, multiplication of the virus occurs in 
the tumor im vivo, and in the later passage 
levels is accompanied by cytological and bio- 
logical evidence of oncolysis. 
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Susceptibility to Poliomyelitis Virus of HeLa Cells Adapted to Growth in 


Horse Serum Medium. 
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With the development of a subline of HeLa 
cells capable of growth in medium containing 
horse serum in place of human serum(1) it 
was of interest to determine its susceptibility 
to the effects of poliomyelitis virus. 

Materials and methods. HeLa cells adapt- 
ed to growth in human serum and the subline 
grown in horse serum were obtained from 
Dr. Virginia Evans in Dr. Earle’s laboratory, 
National Cancer Institute, in the form of flask 
cultures on glass. Monkey kidney cultures 
were prepared according to the trypsinization 
method of Youngner(2). HeLa cells of both 
sublines were transferred from large bottles 
into tubes by mechanical washing of cells off 
glass with the proper growth media. 0.5 ml 
of a suspension containing approximately 75,- 
000 cells per ml was inoculated into each tube. 
The tubes were incubated for 24-48 hours in 
a Stationary position on their sides before use 
in the tests with virus. The growth medium 
consisted of 40% Earle’s balanced salt solu- 
tion, 20% ultrafiltrate from chick embryo ex- 
tract, and 40% serum. At the end of the 
short growth period these cultures were 
changed to Eagle’s synthetic medium contain- 
ing 4% horse serum(3), which was quite ef- 
ficient as a maintenance medium for both 
HeLa cell lines. Monkey kidney cultures were 
prepared in roller tubes by growing the orig- 
inal trypsinized kidney suspension in Mel- 
nick’s “A” medium(4) for 4 days, at which 
time they were changed to a maintenance me- 
dium consisting of 75% Earle’s balanced salt 
solution, 24% ox serum ultrafiltrate, and 1% 
horse serum. Poliomyelitis viruses used for 
quantitating the susceptibility of the cell lines 
were the Mahoney Type I, 6468 Type II (iso- 
lated in this laboratory from the stool of a 
case of paralytic polio), and the Saukett 


* National Microbiological Institute, Laboratory 
of Infectious Diseases. 
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TABLE I. Titrations of Standard Pools of 3 

Types of Poliomyelitis Virus in Monkey Kidney 

Cells and HeLa Cells Grown in Horse Serum and 
Human Serum Media. 


Poliomyelitis virus type 


Exp. 1 Exp. 2 
Tissue culture I Job, AgMe 10 GGh Nee 
Hela 
(Human serum) 5.75* 4.5 5.75 5.75 5.75 5.75 
(Horse 2) AW" 1355) 93570) 1625 985 2986.20 
Moukey kidney 5.75 5.75 5.75 -6.5 6.25 6.25 


* Expressed as logs of 50% end-points of titra- 
tions per 0.1 ml. 


strain of Type III. Titrations of standard 
virus pools were carried out by inoculating 0.1 
ml of each serial 10-fold dilution into each of 
3 tissue culture tubes. Dilutions were carried 
out in Hanks’ balanced salt solution. Cultures 
were read daily by microscopic examination 
for at least 7 days after inoculation. Stool 
emulsions prepared by extraction with bal- 
anced salt solution containing 2500 units each 
of penicillin and streptomycin, and clarified 
by centrifugation at 8000 r.p.m. for 30 min- 
utes in a Spinco centrifuge, were used in a 
volume of 0.3 ml per tube. The tubes were 
then placed in the incubator for one hour, 
after which time the medium containing the 
stool emulsion was drained and replaced with 
maintenance medium. 

Results. In Table I are given the 50% 
end-point titrations of each of the 3 types of 
poliomyelitis virus in the 3 different tissue cul- 
tures. Results of the first experiment in 
Table I indicated that the HeLa cells grown 
in the horse serum medium were less suscep- 
tible than were those grown in the human 
serum or the kidney cells. However, a second 
experiment indicated an equal susceptibility 
of all 3 tissue cultures. 

In the first of these 2 experiments, on the 
5th day following inoculation of the Type I 
virus at the 10~* dilution when all tubes were 
showing marked cytopathogenic effect, super- 
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TABLE II. Multiplication of Poliomyelitis Virus 


in HeLa Cells Grown in Human Serum and in 
Horse Serum. 

ee  ——————E——e—e 

Poliomyelitis virus type 

Tissue culture I II 1 

HeLa (Human serum ) aT On ake) 4.75 7.25 

(Horse ae) 5.75 6.5 4.75 6.0 

* Titration of 50% end-points in logs/0.1 ml in 
monkey kidney roller tubes. 


nates were harvested from both the horse and 
the human serum HeLa cell lines. These were 
titrated in monkey kidney roller tubes. In 
the second experiment similar harvests were 
made from the 2 HeLa sublines on the 5th 
day after virus inoculation from the tubes 
which had received 10° dilution of Type I, 
10% dilution of Type II, and 10° dilution of 
Type III virus. Again, these harvests were 
titered in monkey kidney roller tubes. The 
results of these comparisons of the ability of 
the 2 sublines of HeLa cells to grow polio- 
myelitis virus are indicated in Table II, and 
there is no significant difference between the 
2, except perhaps in the one experiment where 
the human serum HeLa cells apparently gave 
greater multiplication of the Type III virus. 

Tn an attempt to show the relative efficiency 
of the 2 sublines of HeLa cells in the isolation 
of polio virus from human materials, a total 
of 23 stool emulsions previously shown to con- 
tain polio virus, were inoculated into the vari- 
ous tissue cultures. These stool suspensions 
contained an equal number of materials orig- 
inally positive in either monkey testicle or 
kidney cultures for each of the 3 types of 
poliomyelitis virus. In Table III are shown 
the results which indicate that the HeLa cells 
grown in horse serum are just as responsive to 
polio virus in human stools as those grown in 
human serum. 

In Dr. Earle’s laboratory this subline of 
HeLa cells grown in horse serum medium has 


TABLE III. Isolation of Poliomyelitis Viruses 
from Stools of Patients in HeLa Cells Grown in 
Human Serum and in Horse Serum. 


Positive stools/total 


tested 
Tissue culture Hxp. Exp. 2 
Hela (Human Serum: y y 6/10 e 8/13 
(Horse Gee) 4/10 10/13 
Monkey kidney — 


10/13 


Horst SERUM HeLa CELLS 


been adapted to mass growth in a suspended 
cell shaker flask type of culture(1,5,6). Be- 
cause of certain advantages for basic studies 
on interrelationships between virus and cell of 
such a culture containing large numbers of 
viable HeLa cells, multiplying while suspended 
in the culture medium, 2 experiments were 
carried out to determine polio virus multipli- 
cation in these suspended cells. The sus- 
pended cells were grown in Dr. Earle’s labora- 
tory. Horse serum adapted HeLa cells grown 
in stationary flasks were used as the inoculum 
for the shaker flasks. One flask contained 
over 400,000,000 cells (approximately 1.6 g 
wet weight) at the time of inoculation, and 
the second contained 1,000,000,000 cells (ap- 
proximately 4 g wet weight). 

The total volume of each culture was centri- 
fuged and the sedimented cells were resus- 
pended in shaker flasks in 150 ml of Eagle’s 
maintenance medium containing 4% _ horse 
serum. The first flask was inoculated with 3 
ml of the 107 dilution of our standard Ma- 
honey Type I virus, which has a titer of 10°" 
per ml. A sample was removed immediately 
after mixing and again after 24 hours incuba- 
tion. During incubation the flask was rotated 
at the rate of 9060 revolutions per hour and 
was aerated by flushing 4 times with 4 liters 
of 5% CQO» in air. The second flask was in- 
oculated with 0.1 ml of the 10° dilution of 
the same virus. This flask was rotated at 12,- 
000 r.p.h. and aerated and sampled like the 
first. Assay of the samples from the first flask 
carried out in monkey kidney roller tubes 
showed an increase of virus titer from 10° 
per ml at zero hour to greater than 107 in 
24 hours. Samples from the second flask 
titered at 10° at zero hour and 10% * in 24 
hours. 

Discussion and Conclusions. Human serum 
is not readily obtainable in large volumes from 
a uniform source for use in tissue culture. 
Furthermore, the possible presence of specific 
antibodies introduces further difficulties in the 
use of cells grown in human serum media 
when working with certain human viruses. 
The adaptation of HeLa cells to growth in 
horse serum media eliminates these difficul- 
ties. 

[t would appear from these experiments 
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that HeLa cells adapted to growth in the 
presence of horse serum rather than in media 
containing human serum are quite susceptible 
to the cytopathogenic effect of all three types 
of poliomyelitis virus, and are as efficient in 
producing virus as the HeLa cells grown in the 
human serum. They likewise seem to be as 
efficient in their ability to demonstrate the 
presence of poliomyelitis virus in human stool 
suspensions. Preliminary evidence indicates 
that this subline of HeLa cell grown in mass 
suspended cultures is also capable of support- 
ing the growth of poliomyelitis virus. 
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Glycemic Effects of Chlorpromazine in the Mouse, Hamster and Rat. 
(21947) 


Davin NoRMAN AND WILLIAM A. HIESTAND. 


From Laboratory of Animal Physiology, Department of Biological Sciences, Purdue University, 
Lafayette, Ind. 


Various pharmacological effects of chlor- 
promazine (CPZ) have been reported in the 
literature among which are depression of body 
temperature, potentiation of morphine and 
barbiturates, anti-epinephrine as well as anti- 
acetylcholine action, and a depression of cel- 
intare activity or “narcobiosis(1,2,3): “The 
drug which structurally is 10-(3-dimethyl- 
aminopropyl)-2-chlorophenothiazine —_ hydro- 
chloride is similar in structure to prometha- 
zine but shows very little anti-histaminic 
property. In view of the various profound 
effects on the nervous system and cellular ac- 
tivity, the question arose as to the possible ef- 
fects on blood sugar levels during the post- 
injection period when this substance is phar- 
macologically most active. 

Materials and methods. The effect of in- 
traperitoneal injections of chlorpromazine 
(Thorazine, S.K.F.) on blood sugar level of 
non-fasted and fasted white male mice of the 
Rockland (RAP) strain was first studied. 
Animals were injected with CPZ at 5 mg/kg 
body weight and blood samples were with- 
drawn via the orbital sinus(4), at intervals 
of 30 minutes, and at 1, 2, 3 and 5 hours later. 
Non-injected controls were bled at the same 


interval periods and blood sugar determina- 
tions similarly made. Since the response to 
CPZ injection in mice was a substantial wave 
of hyperglycemia, similar experiments were 
carried out with the hamster and rat. Also 
the glycemic effects of chlorpromazine in the 
alloxan diabetic mouse, and the effects, if any, 
of this substance on the hypoglycemic action 
of insulin were observed. Mice were sepa- 
rated into 2 groups, each group consisting of 
16 animals. Group I was made diabetic by 
subjecting it to a 48-hour fasting period fol- 
lowed by injection of alloxan monohydrate, 
75 mg/kg via the intracardiac route(5). After 
diabetes had been established, these animals 
were treated with CPZ and the glycemic ef- 
fects determined. Group II mice received in- 
sulin injections in the following manner: Ani- 
mals were fasted for 24 hours, injected with 
CPZ, 5 mg/kg, ip, and 2 hours later were in- 
jected subcutaneously with insulin, 1/6 unit 
per 18 g body weight. A minimum of 16 ani- 
mals was used in all cases for each type of 
experiment with mice, hamsters and rats. 
Blood sugar determinations were made by the 
Somogyi-Nelson method(6). 
Results. Normal male mice receiving CPZ 
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injections of 5 mg/kg, ip, showed an average 
progressive increase in blood sugar from 142.2 
to 202.3 mg% in 30 minutes which by 3 hours 
had reached 282.8 mg%. A gradual decline 
in blood sugar then followed which at 5 
hours post-injection time had returned to 
slightly higher than normal value. Non- 
treated animals which were bled at the same 
time intervals as treated ones showed a slight 
blood sugar elevation at the end of the first 
hour, but all succeeding blood sugar samples 
were within the normal range. 

The hamster showed a hyperglycemic re- 
sponse to CPZ injections similar to that ob- 
tained in the mouse although to a lesser de- 
gree. The minimal dose required to produce 
a significant hyperglycemic response was 
found to be 10 mg/kg when injected intra- 
peritoneally. Hamsters in both the fasted 
and non-fasted state showed an elevated blood 
sugar level following CPZ injection, but the 
hyperglycemia was more pronounced in those 
animals which had not been starved. The ay- 
erage 24-hour fasting blood sugar level was 
found to be 96 mg% and 3 hours after injec- 
tion of CPZ at 10 mg/kg, ip, the glycemic 
level was raised to 194 mg%. The non-fasted 
hamster had a glycemic level of 108 mg% 
which reached 212 mg% at 3 hours after in- 
jection of CPZ. 

The rat showed very little if any significant 
rise in blood sugar following injections of 
CPZ. Various doses were tried ranging from 
5 to 60 mg/kg, the latter being approximately 
the LDs9, and in each case the blood sugar 
level was not appreciably changed. The aver- 
age fasting glycemia level in the rat was found 
to be 89 mg% and the maximal glycemic re- 
sponse produced by any dose level was an ele- 
vation to 127 mg%. This occurred at 31% 
hours following ip injection of CPZ at 20 mg 
kg of rat body weight. 

Chlorpromazine intensified the fasting hy- 
perglycemia in alloxan diabetic mice and sig- 
nificantly decreased the survival time of these 
diabetic animals. The average 24-hour fast- 
ing blood sugar in the non-treated diabetic 
mice was 374 mg% while those treated with 
CPZ showed an elevation to greater than 600 
mg% at 2 hours post-injection time. Blood 
samples were taken in all diabetic mice on al- 


ternate days via cardiac puncture with none 
of the 16 diabetic mice receiving CPZ at 5 
mg/kg surviving more than 3 days after such 
treatment. In contrast to this, 60% of the 
non-treated alloxan diabetic animals survived 
a week of alternate day blood withdrawals. 
In practically all cases of treated and non- 
treated animals death occurred during the 24- 
hour starvation period prior to blood sam- 
pling. All blood samples were collected in 
amounts not exceeding 0.2 ml. 

Chlorpromazine was observed to afford 
some protection against the hypoglycemic 
convulsions and subsequent death produced in 
mice by injection of 1/6 unit of insulin per 18 
g body weight. Of the 16 mice which received 
insulin at 2 hours after injection of CPZ, 9 
animals exhibited convulsions but no deaths 
occurred in spite of the fact that no glucose 
was administered. Of the 16 mice receiving 
the same dose of insulin but no CPZ, 14 con-. 
vulsed and 11 of these died. 

Discussion. It is of interest to speculate on 
the means by which chlorpromazine brings 
about so significant a rise in glycemic levels 
of the mouse and hamster. First, of course. 
would be the narcobiotic action of this sub- 
stance which decreases cellular activity so that 
metabolic oxidation reactions are depressed. 
This would in effect decrease the amount of 
glucose being oxidized within the cell and 
therefore decrease the need or intake of glu- 
cose by the cell from extracellular spaces and 
the blood. As a consequence a rise in blood 
sugar would occur. Whether or not the de- 
pression of cellular activity is the sole means 
by which CPZ brings about its hyperglycemic 
effect is difficult to say at this time. The hy- 
pothermic effect of this drug, which might be 
used as an index of cellular activity, is also 
produced in the rat and yet this animal shows 
no appreciable hyperglycemic response. The 
possibility of the endocrine glands such as the 
adrenals, hypophysis or pancreas acting di- 
rectly or indirectly through glycogenolysis or 
gluconeogenesis in the liver has yet to be ex- 
plored. The profound species variation be- 
tween the rat and the mouse in the hypergly- 
cemic response to this drug cannot be fully 
explained at this time. The basal metabolic 
rate is appreciably higher in the mouse(7), 
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and this may be the requisite for demonstrat- 
ing a hyperglycemic response to CPZ since a 
depression of cellular metabolism in an ani- 
mal normally functioning at a high metabolic 
rate would bring about more pronounced 
changes in the concentration of substances in 
the blood which are metabolized than would 
be expected in an animal with a lower normal 
rate of metabolic activity. Evidence in sup- 
port of this concept would be the somewhat 
intermediate effect of CPZ on the blood sugar 
of the hamster which has a BMR somewhat 
intermediate to that of the mouse and rat 
(8,9). 


The protection afforded by CPZ from the 
hypoglycemic convulsions and death follow- 
ing insulin injection in mice would be ex- 
pected in view of the hyperglycemic state of 
these animals prior to insulin administration. 
Whether or not there is any direct antagonism 
of the insulin molecule cannot be said without 
further investigation. 


Summary. The glycemic effects of chlor- 
promazine were studied in the mouse, hamster 
‘and rat. A hyperglycemic response was found 


in the mouse and hamster with the mouse 
having the greater response of the two. No 
significant glycemic-change was observed in 
the rat. An exacerbation of the diabetic state 
and decrease in survival time was found in al- 
loxan diabetic mice treated with CPZ. A 
protection from hypoglycemic convulsions 
and death produced by insulin was afforded 
to mice which had been injected with CPZ 2 
hours previous to the injection of insulin. 
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Induction of Toxigenicity in Non-Toxigenic Strains of C. diphtheriae with 
Bacteriophages Derived from Non-Toxigenic Strains. (21948) 


ELIZABETH I. PARSONS. 


(Introduced by Martin Frobisher.) 


From the Communicable Disease Center, Public Health Service, U. S. Department of Health, 
Education, and Welfare, Atlanta, Ga. 


Freeman(1,2) reported that some bacterio- 
phages isolated from C. diphtheriae could in- 
duce totally non-toxigenic strains of C. diph- 
theriae to become toxigenic and that these 
transformed strains were indistinguishable in 
all respects from toxigenic strains occurring in 
nature. This observation has been confirmed 
in this laboratory(3,4) as well as in other lab- 
oratories(5,6). In each instance, toxigenicity 
was induced only by bacteriophages obtained 
from naturally-occurring toxigenic strains of 
C. diphtheriae. 

Because of the epidemiological significance 
of this transformation, studies were under- 
taken to determine the relative frequency with 


which the change could be produced in non- 
toxigenic strains isolated from cases and car- 
riers. Of the 52 strains tested so far the 
change has been induced in only 8 strains, all 
of which were the mitis or mitis-like type. 
While Hewett(7) has reported the transfor- 
mation in gravis-type strains employing 
phages derived from toxigenic gravis strains, 
it has not been accomplished in this labora- 
tory. However, definitions of the gravis type 
differ in different laboratories. During serial 
passage of one group of cultures with phages 
from toxigenic strains, complete lysis was ob- 
tained with 2 non-toxigenic strains, (A-8888, 
mitis-like North Dakota, and A-8782, gravis, 
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Alabama) without any demonstrable change 
in toxigenicity. It appeared probable that 
these strains were lysogenic in themselves. 
Therefore, experiments were planned to deter- 
min whether or not the bacteriophages iso- 
lated from strains A-8888 and A-8782 might 
induce toxigenicity in other non-toxigenic 
strains. Although the data presented here 
concerning these studies are not complete, suf- 
ficient evidence has accumulated to warrant 
a report. 

Materials and methods. Details of the 
technics used in these experiments will be 
published — elsewhere. The non-toxigenic 
strains used in these experiments were chosen 
from among those which had become toxigenic 
when treated with phages derived from toxi- 
genic strains. All strains of C. diphtheriae 
from which bacteriophage was derived, as well 
as those strains in which toxigenicity was in- 
duced, were tested first for non-toxigenicity 
by subcutaneous inoculation in guinea pigs, 
by intracutaneous inoculation of rabbits, and 
by the in vitro toxigenicity plate method. 
None showed any evidence of original toxi- 
genicity by any of the methods. The bac- 
teriophages were obtained from atoxigenic 
strains A-8888 and A-8782 (later also A- 
8188) by inoculating heart-infusion-agar 
plates with 3 to 4-hour heart-infusion-broth 
cultures of the organisms, incubating over- 
night, followed by extraction of the phage by 
freezing the agar over COs ice and thawing 
at room temperature. The expressed liquid 
was centrifuged at high speed and the super- 
natant fluid, after heating at 52-53° for 20 
minutes, was used in serial passage. 

Results. Serial passage of non-toxigenic 
Freeman strains F-324 and F-326, with 
phages obtained from A-8888 and A-8782, 
produced almost complete clearing after the 
third passage. Centrifuged sediments of the 
lysed broth cultures were streaked on the in 
vitro toxigenicity plate and gave the precipita- 
tion lines typical of toxigenic strains of C. 
diphtheriae. A portion of this same sediment, 
when streaked on heart-infusion-agar plates 
and incubated overnight, produced partially 
lysed colonies which also produced lines of 
precipitation on the im. vitro toxigenicity plate. 
Similar centrifuged sediments when injected 


intradermally into a rabbit, produced reac- 
tions which were indistinguishable from those 
produced by typical, toxigenic strains of C. 
diphtheriae. The same results were obtained 
with 3 separate phage extracts from strains 
A-8888 and A-8782. 

Attempts to induce toxigenicity in other 
non-toxigenic strains of C. diphtheriae with 
these same phages were not successful. Curi- 
ously, these strains, which failed to become 
toxigenic when treated with phages from 
A-8888 and A-8782, did become toxigenic 
when treated with phages derived from known 
toxigenic strains. This observation suggests 
that phages derived from non-toxigenic strains 
may differ from phages derived from toxigenic 
strains. However, phages derived from non- 
toxigenic strains A-8888 and A-8782 and 
adapted to atoxigenic strains F-324 and F-326 
readily induced toxigenicity in non-toxigenic 
strains A-334, A-8613, and A-8630. The num- 
ber of passages necessary to bring about this 
change varied both with the strain and the 
phage. Other strains are being passed with 
these phages but the results are incomplete as 
yet. The toxigenicity of these phage-changed 
strains has been tested on both the im vitro 
toxigenicity plate and intradermally in the 
rabbit. 

In another experiment phage was isolated 
from non-toxigenic strain A-8188 by the 
method previously described. After 44 pas- 
sages with atoxigenic strains F-324 and F-326 
only partial lysis of these strains was observed 
and toxigenicity could not be demonstrated. 
The heated supernatants from the last passage 
were used for treatment of non-toxigenic 
strains A-8613 and A-8630. Complete lysis 
was obtained after the seventh passage and the 
centrifuged sediments were shown to be toxi- 
genic on the in vitro plate and when injected 
intradermally into the rabbit. 

The observations made during the course 
of the above experiments seem to suggest that 
there may be different races of diphtheria bac- 
teriophage or that several factors are requisite 
for induction of toxigenicity not all of which 
are necessarily present in any given strain of 
C. diphtheriae or in any one bacteriophage. 

Summary. It has been established that cer- 
tain bacteriophages derived from naturally- 
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occurring non-toxigenic strains of C. diph- 
theriae will induce toxigenicity in certain non- 
toxigenic strains of C. diphtheriae as readily 
as will phages derived from naturally-occur- 
ring toxigenic strains. 
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JoHNn R. Hocness, Marcaret Berc, PAut P. VANARSDEL, JR., AND 
Ropert H. WIL iAMs. 


From the Department of Medicine, University of Washington School of Medicine, Seattle. 


The isolation of a new thyroxine-like com- 
pound from the thyroid and plasma by Gross 
and LeBlond(1,2) and the subsequent identi- 
fication of this substance as 3,5,3’-triiodothy- 
ronine by Gross and Pitt-Rivers(3,4), and 
Roche, Lissitsky and Michel(5) have stimu- 
lated a great deal of investigative work. Tri- 
iodothyronine has been shown to be about 5 
times as potent as thyroxine in preventing 
thiouracil-induced goiter in rats(6,7,8) and to 
produce a much more rapid elevation in the 
oxygen consumption of hypothyroid animals 
and man than does thyroxine(8-11). These 
findings, along with the earlier reports by 
Gross and LeBlond(1) of isolation of the 
I*1-triiodothyronine from tissues and plasma 
of thyroidectomized animals given I'*'-labeled 
thyroxine, led Gross and Pitt-Rivers(6) to 
postulate that thyroxine is enzymatically de- 
iodinated to triiodothyronine in the tissues 
and that triiodothyronine is the active form 
of the hormone at the tissue level. Although 
Albright, Larson and Trust(12) reported the 
conversion of thyroxine to triiodothyronine by 
kidney slices and MacLagan and Sprott(13) 
made similar observations using liver homo- 
genates, Roche, Michel, Michel and Lissitzky 
(14) have been unable to demonstrate the de- 
iodination of thyroxine to triiodothyronine im 
vitro. More recently Roche and Michel(15), 
on the basis of in vivo work with thyroidecto- 


mized animals, found that the thyroid is the 
sole important source of plasma triiodothy- 
ronine and that there was no triiodothyronine 
or its derivatives in the bile or urine of such 
animals after the injection of labeled thy- 
roxine. Kalant, Lee, and Sellers(16) reported 
that triiodothyronine was the major radioac- 
tive compound found in the skeletal muscle of 
propylthiouracil-treated rats given I[!*!-la- 
beled thyroxine but Taurog(17) stated that 
his group did not find consistent conversion of 
thyroxine to triiodothyronine in liver, kidney, 
spleen or diaphragm. 

With these conflicting observations in mind, 
the following experiments were devised in an 
attempt to demonstrate the im vivo conversion 
of thyroxine to triiodothyronine by the rat. 

Methods. (a) Thirty-three male Sprague- 
Dawley rats, weighing 250 to 300 g and main- 
tained at 80°F and on standard Purina Lab- 
oratory Chow were given 10 pe (0.5 to 0.7 
ug) of I'*1-labeled thyroxinet intravenously. 
(The stock solution of thyroxine consisted of 
this hormone in 50% propylene glycol in 
water: aliquots were diluted with 0.9% saline 
before administration.) At intervals of 30 
minutes, one, 3, 6, 12, and 24 hours after in- 
jection, liver, kidney, and skeletal muscle were 
removed. Nine rats were studied at the 30- 
minute point, 3 at one hour, 7 at 3 hours, 3 at 
6 hours, 4 at 12 hours and 7 at 24 hours. 


* This work was supported by a grant from the 
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These tissues were homogenized in NH4,4Cl 
buffer (pH 8.4), boiled for 30 minutes, di- 
gested with crude trypsin for 20 hours and ex- 
tracted 3 times with n-butanol. The butanol 
extract was then evaporated to dryness and 
the residue taken up in 2 to 3 ml of 0.5 N 
NaOH. Identical experiments were performed 
either using purified trypsin instead of crude 
trypsin or omitting trypsin digestion entirely 
with essentially the same results except that 
digestion with either purified or crude trypsin 
produced a slightly higher yield of butanol- 
extractable material. The material taken up 
in NaOH was then run through kieselguhr 
chromatographic columns according to the 
method of Gross and Pitt-Rivers(4)# and 
Braasch, Flock and Albert(18). Butanol con- 
taining 20% chloroform equilibrated with 
0.5N NaOH was run through the column until 
thyroxine, triiodothyronine and iodide were 
eluted. The solvent system was then changed 
to 10% isopropyl alcohol in butanol for the 
purpose of recovering di- and monoiodotyro- 
sine. The effluent was collected with a frac- 
tion collector and the radioactivity of each 
fraction was assayed with a scintillation de- 
tector. The results were expressed graphic- 
ally, plotting counts per minute in the fraction 
versus fraction number. The relative amounts 
of all radioactive components recovered was 
determined roughly by comparing the areas 
under the peaks obtained. (b) An experiment 
using 16 rats was performed identical to that 
described above except that 10 pc (0.5 to 0.7 
ug) of I'*1-labeled triiodothyronine was in- 
jected into the animals. The animals were 
sacrificed 1, 3, 6 and 12 hours after the injec- 
tion of triiodothyronine. Four animals com- 
prised each group. (c) An experiment similar 
to that described under (a) was carried out in 
16 animals 2 weeks after thyroidectomy. In 
this case 10 ue of thyroxine which had been 
re-purified by passage of the stock solution 
through the kieselguhr column was injected 
intravenously and the animals sacrificed 30 
minutes after injection. Specimens of liver, 
kidney, and muscle were homogenized and 


{The authors wish to express their gratitude to 
Dr. Jack Gross for his invaluable help and advice 
in the use of the kieselguhr chromatographic technic. 
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FiG. 1. Representative graphs of kieselguhr chro- 
matographie analysis of liver, kidney and muscle 
at various time intervals after injection of (a) I'*- 
labeled thyroxine and (b) I’*-labeled triiodothyro- 
nine. T, indicates thyroxine; T;, triiodothyronine ; 
I, iodide; Ty,, monoiodotyrosine, and Ty,, diiodo- 
tyrosine. 


treated as described above. Other specimens 
of liver and kidney were homogenized in su- 
crose solution at 4°C and separated, by means 
of differential ultracentrifugation(19), into 
nuclear, mitochondrial, microsomal, and resid- 
ual protein fractions. The fractions thus ob- 
tained were treated as described in the initial 
part of the experiment and the extracts were 
subjected to  kieselguhr chromatographic 
analysis. 

Recovery studies with either labeled thy- 
roxine or labeled triiodothyronine revealed 
that 98 to 101% of the radioactivity placed 
on the column was recovered in the effluent. 

Results. Normal rats, whole tissues. Fig. 
1 is representative of the results obtained in 
liver, kidney or muscle from intact normal 
rats following the administration of labeled 
thyroxine and triiodothyronine. The chro- 
matographs were essentially alike at all time 
intervals studied. When thyroxine was ad- 
ministered the main compound recovered cor- 
responded to thyroxine on chromatographic 
analysis, and in most instances no triiodothy- 
ronine was recovered. However, in 20% of 
the total number of chromatographic analyses, 
small triiodothyronine peaks were observed 
following the administration of thyroxine. 
Fig. 2 characterizes the findings in these in- 
stances. The triiodothyronine peak was pres- 
ent at all of the various time intervals follow- 
ing injection, including the 30-minute point 
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FIG. 2. Plot of radioactivity recovered from kiesel- 
guhr columns representative of instances (20% of 
total assays) where triiodothyronine was recovered 
from liver, kidney and muscle after injection of 
T*-labeled thyroxine. 


and, although recovered occasionally from all 
3 tissues, it was found more frequently in liver 
and kidney than in muscle. When the ap- 
proximate relative amount of radioactivity 
present in each of the chromatographic peaks 
was determined by measuring the area under 
each peak, the radioactivity corresponding to 
triiodothyronine never exceeded 1.5% of the 
total. 

When triiodothyronine was administered, 
triiodothyronine was the main product of the 
column separation and no thyroxine was ob- 
served at any time. Thyroidectomized ani- 
mals: In the 16 thyroidectomized animals in- 
jected with thyroxine and sacrificed 30 min- 
utes later, essentially the same results were 
observed as in the normal animals. In ap- 
proximately 20% of all analyses done on 
liver, kidney and muscle in these animals, 
small triiodothyronine peaks were detected, 
the traces of this substance occurring appar- 
ently at random in all 3 tissues. In no case 
did the triiodothyronine peak comprise more 
than 1.5% of the total radioactivity recov- 
ered. 

Subcellular fractionations. Fig. 3 is illus- 
trative of the observations made after thy- 
roxine injection into thyroidectomized rats 
when subcellular fractions (microsomes, mito- 
chondria, nuclei and residual protein) of liver 
and kidney were subjected to chromato- 
graphic separation. Similar findings occurred 
in the fractions of both liver and kidney. In 


cases where traces of triiodothyronine were 
found in the whole homogenates of these tis- 
sues, relatively greater amounts of this com- 
pound were isolated from some of the subcel- 
lular fractions. The greatest concentrations 
of triiodothyronine appeared in the micro- 
somes and residual fraction of both liver and 
kidney, the amount of triiodothyronine run- 
ning as high as 10.5% of the total radioac- 
tivity in the case of soluble protein fraction 
of the kidney. It was of great interest that 
even in some cases where no triiodothyronine 
was found in the chromatographic separation 
of whole homogenates, significant amounts of 
triiodothyronine were found in the subcellular 
fractions. 


Discussion. By the method of kieselguhr 
chromatographic separation, we were able to 
recover triiodothyronine from whole rat tis- 
sues following the administration of thyroxine. 
Triiodothyronine was recovered from liver, 
kidney and muscle in about 20% of the chro- 
matographic analyses made. When it was 
found, it was present in only small amounts. 
never exceeding 1.5% of the total radioactiv- 
ity recovered. These findings are somewhat 
at variance with those of Kalant e¢ al. with 
respect to the amounts of triiodothyronine 
recovered. If thyroxine is actually metabo- 
lized to triiodothyronine, and if the appear- 
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FIG. 3. Radioactivity in effluent from kieselguhr 
columns representative of findings in subcellular 
fractions of liver and kidney following injection 
of T*-labeled thyroxine. 
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ance of triiodothyronine is not an artifact 
produced by the conditions of this experiment, 
it may be that only a relatively small percent- 
age of thyroxine is converted to triiodothy- 
ronine. However, since triiodothyronine, once 
formed, may be further degraded very rap- 
idly, and hence not be recovered from tissue as 
such, it is not possible to estimate accurately 
the amount converted. 


If such a conversion does actually occur, 
the mechanism might be simply expressed as 
follows: 


- 


Ky 1K ete 
Thyroxine—~T riiodothyronine—~> Other brea 
iat down products 


Ke ‘ 


It is probable that rate constant Kz is at least 
3 or 4 times K,. If this is the case one would 
expect to find relatively small amounts of 
triiodothyronine in the tissues involved at any 
one time, no matter what percentage of thy- 
roxine is degraded via this pathway. 

It may be argued that only small amounts 
of triiodothyronine were recovered and _ this 
only relatively infrequently because of poor 
recovery during the experimental procedure. 
This point may be answered in part by. point- 
ing out that when stock triiodothyronine was 
subjected to the experimental chroma- 
tographic conditions, more than 95% was re- 
covered as triiodothyronine. However, under 
our experimental conditions we have consis- 
tently observed a “front” peak of radioactiv- 
ity which is recovered from the kieselguhr col- 
umns before the thyroxine peak appears. 
(Figs. 1, 2,3). Efforts to identify the radio- 
active components of this peak by paper 
chromatographic techniques have so far been 
unrewarding and it is entirely possible that 
small amounts of triiodothyronine may be in- 
cluded in this material. This might explain 
the appearance of triiodothyronine, following 
the administration of thyroxine, at some times 
and not at others. 

Similarly, it may be argued that the appear- 
ance of triiodothyronine after administration 
of thyroxine was due to deiodination produced 
by the conditions of the experiment rather 
than to tissue activity. However, when thy- 
roxine stock solution was subjected to the ex- 


perimental conditions no triiodothyronine was 
recovered. 

The appearance of triiodothyronine in the 
subcellular fractions in greater concentrations 
than in the whole homogenate is as yet unex- 
plained. The largest amounts appeared in the 
microsomes and residual fraction in both liver 
and kidney, probably due to concentration in 
these fractions. Concentration alone, how- 
ever, does not explain the consistent appear- 
ance of triiodothyronine in the subcellular 
fractions in contrast to its irregular appear- 
ance in the whole homogenate, since the con- 
centration in all cell fractions was higher than 
that observed in the whole homogenate. It 
was noted during the course of our experi- 
ments that the “front” peak was consistently 
smaller in the instances where the subcellular 
fractions were subjected to kieselguhr chro- 
matographic separation than was the case 
with the whole homogenate, probably due to 
minor alterations in the experimental condi- 
tions. If this “front” contains appreciable 
amounts of triiodothyronine this difference 
might explain the more constant appearance 
of this substance in the analyses where the 
“front” was smaller. 

Our observations have indicated that a 
small amount of thyroxine may be converted 
to triiodothyronine in rat tissues. However, 
it seems less likely that the main mode of ac- 
tion of thyroxine involves this step. In view 
of the recent works of Thibault and Pitt- 
Rivers(20), the possibility seems stronger 
that both substances exert their action only 
after further alteration, perhaps involving 
conversion to the acetic acid or other des- 
amino analogues. 

Summary. (1) T'*!-labeled thyroxine was 
administered intravenously to normal and 
thyroidectomized rats and the animals sacri- 
ficed at varying time intervals thereafter. 
Specimens of liver, kidney and muscle were 
homogenized, extracted with butanol and the 
extracts were subjected to kieselguhr chro- 
matographic analysis. Small amounts of tri- 
iodothyronine were recovered from all 3 tis- 
sues in about 20% of the analyses carried out. 
(2) When triiodothyronine was administered 
and the tissues subjected to the same condi- 
tions, no thyroxine was recovered. (3) When 
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the tissues of rats given thyroxine were homo- 
genized and subjected to fractionation into 
their subcellular components, triiodothyronine 
was more readily recovered than was the case 
where the whole homogenate was used. <A 
possible explanation for this is discussed. 
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Intracellular Potassium Concentration in Normal and Diabetic Rat Liver.* 


(21950) 


Louis Topran,! WiLtiAM I. Morse,? AND A. Barro HAsTINGs. 
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It has previously been shown that marked 
abnormalities of carbohydrate metabolism oc- 
cur in liver slices from normal animals incu- 
bated under conditions leading to lowered in- 
tracellular potassium concentration(1). Thus, 
potassium depletion leads to decreased glyco- 
gen deposition from glucose and to de- 
creased overall glucose utilization. while glu- 
coneogenesis from pyruvate and other pre- 
cursors is markedly increased. These meta- 
bolic abnormalities are qualitatively similar to 
those found in liver slices from diabetic rats 
even in the presence of normal intracellular 
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potassium concentration(2,3). Furthermore, 


a number of observations have been made, 
both clinically and in experimental animals, 
suggesting that potassium depletion may lead 
to disturbances of carbohydrate metabolism 
qualitatively similar to those of diabetes mel- 
litus(4,5). It seemed of interest, therefore, 
to determine whether lowered intracellular 
potassium concentration occurred in diabetic 
liver in vivo. Accordingly, electrolyte, water 


-and glycogen analyses were made on diabetic 


and normal rat livers. 

Material and methods. Male rats weighing 
250 g were made diabetic by the intravenous 
injection of alloxan (40 mg per kilo). Three 
to 4 weeks later these animals, as well as nor- 
mal controls, were fasted for 8 hours (water 
ad lib.), then sacrificed for blood and liver 
analysis. The animals were sacrificed under 
nembutal anesthesia by severing the carotid 
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TABLE I. Blood Analysis on Normal and Diabetic 


Rats. 
Blood sugar, Na K 
mg/100 ml 
blood ——mEq/L serum—, 
Group Mean Range 
Normal 99 78-117 149.1 + 6.4* 4.74 + 1.5* 
(11) 
Diabetic 292 121-470 144.743.8 42541.8 
(11) 
* Mean values -+ stand. error of mean. 


arteries. The livers were removed, blotted free 
of blood, and 2 aliquots were taken. One was 
for glycogen analysis(6) and the other was 
used to determine water, sodium and potas- 
sium. This second aliquot was dried, defatted 
and extracted with 0.75 N HNOs as described 
by Lowry and Hastings(7). Sodium and po- 
tassium were determined by flame photom- 
etry. Whole blood was also analyzed for glu- 
cose(8) and blood serum for sodium and po- 
tassium. 

Results. Table I shows the blood sugar and 
serum sodium and potassium values for 11 
normal and 11 diabetic animals. The serum 
sodium and potassium concentrations were 
slightly lower in the diabetic than in the nor- 
mal group. These data were used in calcu- 
lating the intracellular potassium concentra- 
tions. 

In Table IJ are recorded the analytical data 
obtained on the normal and diabetic livers, to- 
gether with calculated values for extracellular 
water (H2O),, intracellular water (H»O), and 
intracellular potassium concentration [K].. 
From the analytical data it may be seen that 
no statistically significant difference was ob- 


served in the concentrations of water, potas- 
sium or sodium between the normal and dia- 
betic livers. 

Using these data, and the assumption that 
the sodium of liver is entirely extracellular, 
the extracellular water (H2O), and intracellu- 
lar water (H2O),, in g per kilo of fat free tis- 
sue, were calculated according to methods pre- 
viously described(7). No difference in either 
(H.O), or (H2O). was found between the liv- 
ers of the normal and diabetic groups. 


After making allowance for the amount of 
potassium in the extracellular water of the tis- 
sues, the concentration of potassium in the 
intracellular water [K]|. was calculated. 
These values proved to be 187 mEq per kilo 
of intracellular water for the normal livers 
and 184 mEq per kilo of water for the diabetic 
livers. The difference is without significance. 


Discussion. Since abnormalities in carbo- 
hydrate metabolism similar to those encoun- 
tered in diabetic liver have been observed in 
normal liver where intracellular potassium 
concentration is experimentally reduced below 
normal, we have felt it important to determine 
whether the intracellular potassium concentra- 
tion of liver is or is not reduced below normal 
in diabetes. From the data presented above 
it would appear that the intracellular potas- 
sium concentration is quite normal in diabetic 
liver. It would seem, therefore, that the meta- 
bolic abnormalities which have been described 
in hepatic tissue for diabetic animals are not 
attributable to a reduction in potassium con- 
centration but rather it appears more likely 
that potassium depletion and insulin de- 


TABLE II. Analytical Data on Normal and Diabetic Rat Livers. Mean values are expressed 
per kg of fat-free tissue (P.F.T.)—standard error of the mean. 


Group HO) 2 K, mEq Na, mEq Glycogen, g 
Normal (11) 715 + 1.5 962+ .6 ; 31.4 + 2.1 AVS Tle 
Diabetie (11) 723 + 2.8 95.5 + 1.0 30.5 + 1.2 19.4 + 2.2 

Derived data 
(H,0),* (H20),t [K], [K], 
Ne Weis g/kg F.E.T. g/kg F.E.T. mEq/kg (H,O) mEq/100 g F.F. solids 
Normal (11) LOSE as 517 + 15 Seats 33.8 & .2 
Diabetic (11) 198 += 7 SISEE 7 184 + 4 33.3 = .2 


* (H,O)—g of extracellular H,O per kg of F.F.T., calculated on the assumption that liver 


Na is extracellular. 


t (H,0)—g of intracellular H,O per kg of F.F.T., calculated from total tissue H,O and 


(H,0).. 
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ficiency affect intracellular metabolism simi- 
larly but independently. 

Summary. The intracellular potassium 
concentration was found to be normal in dia- 
betic rat liver. 
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Renin and Antirenin in Treatment of Long Term Experimental Renal 


Hypertension in the Dog.* 
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A number of reports have suggested that 
the pathogenesis of experimental renal hyper- 
tension changes with time. Thus it has been 
suggested that in acute experimental renal 
hypertension the pathogenesis is renal and in 
chronic experimental renal hypertension the 
pathogenesis is extrarenal or (according to 
one group of investigators) neurogenic. There 
have been no reported studies on the patho- 
genesis of long term experimental renal hyper- 
tension (7.e., hypertension of 4 or more years 
duration) in the dog. Thus Ogden and col- 
leagues(1,2) showed that certain sympatho- 
lytic and general anesthetic drugs decreased 
the blood pressure of chronic renal hyperten- 
sive rats but not of acute renal hypertensive 
rats. They also showed that the removal of 
a unilaterally constricted kidney in the rat 
caused a decrease in blood pressure in acute 
but not in chronic renal hypertensive rats. On 
the basis of these findings, Ogden suggested 
that the pathogenesis of experimental renal 
hypertension changes with time from a renal 
pressor mechanism to a neurogenic mechanism. 
Likewise, several groups of British investi- 
gators have reported that complete nephrec- 


* Aided by grants from the National Heart Insti- 
tute, the Chicago Heart Assn.; and the American 
Heart Assn. 


tomy in the acute renal hypertensive rat pro- 
duces a decrease in blood pressure, whereas 
there is no decrease during survival in the 
chronic hypertensive rat(3,4). These results 
are similar to those of earlier workers who re- 
ported that total nephrectomy in renal hyper- 
tension of one week’s duration in the rabbit 
results in normotension but after 2 to 4 
months of hypertension, total nephrectomy 
results in persistence of the hypertension dur- 
ing survival(5,6). Floyer and others have in- 
terpreted these findings as demonstrating an 
extrarenal mechanism for the pathogenesis of 
chronic experimental renal hypertension. 
Moss and Wakerlin(7) and Page(8) however, 
found no significant difference in the effects of 
sympatholytic and general anesthetic drugs 
in acute and chronic experimental renal hy- 
pertension in dogs. Moss and Wakerlin con- 
sidered acute experimental renal hypertension 
in dogs to last 6 months following renal artery 
constriction and most of their acute hyperten- 
sive dogs were 3 to 6 months hypertensive. 
Since then, Haynes and Dexter(9) showed 
that an increase in plasma renin following 
renal artery constriction in the dog persists 
for some weeks and Shorr and colleagues(10) 
showed that increased plasma VEM is bal- 
anced by VDM 8 to 12 weeks following renal 
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artery constriction in dogs. These observa- 
tions suggest that the dividing line between 
acute and chronic experimental renal hyper- 
tension in dogs may be 3 rather than 6 
months. In keeping with this, Ohler and 
Wakerlin(11) found that dibenzyline pro- 
duced no decrease in the blood pressure of 7 
renal hypertensive dogs within 3 months fol- 
lowing renal artery constriction whereas a de- 
crease occurred in dogs which were hyperten- 
sive for 6 months or more. However, the de- 
crease was not to the normotensive level and 
certainly not to the hypotensive level pro- 
duced by dibenzyline in normotensive dogs. 
Recently, Ogden and colleagues(12) reported 
that pentobarbital decreased the blood pres- 
sure of dogs with renal hypertensions of more 
than one year’s duration but not to normoten- 
sion. These findings suggest that vasomotor 
tonus is in abeyance during acute renal hyper- 
tension but returns to at least a normal level 
during chronic renal hypertension in the dog. 

To study the pathogenesis of long term ex- 
perimental renal hypertension in dogs, we ob- 
served the effect of semipurified hog renin 
therapy and of passive immunization with 
antirenin to hog renin in dogs with renal hy- 
pertensions of 50 to 121 months duration. 
Two years ago, our research group showed 
that a course of semipurified hog renin from 
renal cortex protected against the develop- 
ment of experimental renal hypertension in 
dogs and was effective in the treatment of 
chronic experimental renal hypertension of 8 
to 37 months duration in dogs, whereas nu- 
merous control tissue extracts were without 
effect(13). Since the effectiveness of pro- 
phylaxis and treatment was well-correlated 
with the serum antirenin titre, the findings 
were considered good evidence for the hypoth- 
esis that renin (or a closely related renal 
protein) plays the principal pathogenetic role 
in experimental renal hypertension in the dog 
for at least the first 3 years. A pathogenetic 
role for renin is also suggested by the antihy- 
pertensive effect of homologous antirenin to 
hog renin passively transferred to renal hy- 
pertensive dogs(14). 

Methods. Ten dogs with renal hyperten- 
sions of 50 to 121 months duration were 
treated for 6 to 12 months with one or two 
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courses of daily intramuscular injections of 
semipurified hog renin from cortex in doses 
varying from 2.5 to 20.0 D. U. (Goldblatt) 
per kg. The semipurified hog renin was pre- 
pared by a modification of the method of 
Marshall and Wakerlin(15) or the method of 
Haas and Goldblatt(16). The purity of the 
renin varied from 16-175 D. U. per mg N, but 
most of it was 75-175 D. U. per mg N. Anti- 
renin titres on the serum were determined 
monthly by a method already described(13). 
The time between courses of hog renin ther- 
apy in the 6 dogs receiving a second course of 
hog renin was at least 6 months, during which 
the blood pressure reached its pretreatment 
hypertensive level and the antirenin titre fell 
to 0. Male and female dogs were made hy- 
pertensive by a standardized modification of 
the Goldblatt technique of renal artery con- 
striction already reported(13). Mean blood 
pressure readings were obtained by femoral 
artery puncture one or 2 times per week, with 
occasional comparison by the strain gauge 
technic. Studies of blood urea nitrogen, urin- 
alyses, and determinations of body weight and 
clinical condition were made at monthly inter- 
vals or more often when indicated. 

For the passive transfer study, 3 of the dogs 
with renal hypertensions of 93 to 108 months 
duration were given high titre homologous 
antiserum containing antirenin to hog renin. 
Each of these dogs had previously been 
treated with a course of semipurified hog renin 
with a sufficient lapse of time (6 months or 
more) to permit a decrease in the antirenin 
titre to 0 and a return of the blood pressure to 
the pretreatment hypertensive level for 2 to 
3 months. Blood pressure was measured every 
other day for one week prior to antirenin ad- 
ministration and the antirenin titre was deter- 
mined to be 0 A. U. per cc of serum. Anti- 
renin in total amounts varying from 947 A. U. 
to 3,560 A. U. per kg was administered sub- 
cutaneously in 4 divided doses over a 2-day 
period. Blood pressures and serum antirenin 
titres were determined on the 3rd, 5th, and 
7th days following the first day of antirenin 
administration and subsequently at weekly or 
semi-weekly intervals. Urinalyses were made 
prior and subsequent to the administration of 
antirenin and the clinical condition of the dogs 


TABLE I. Antihypertensive Effect of Semipurified Hog Renin from Cortex in Experimentai 
Renal Hypertension in 10 Dogs with Hypertensions of 50 to 121 
nn... = ———s—E———_—_—_—_—_—_—__——_——_—_—————E—————E 
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———Blood pressure in mm Hg————_, 
Max re- 
sponse to 


Max anti- Duration 
renin titre of hyper- 


Effect on 
hypertension, 


Months Duration. 


Dog No. Sex (A.U./ce) tension Normotension Hypertension treatment % 
il Q 37 50 Ios 7.0 Iiehsyeue) Bile Iss eS ayes — 55 
2 Q 29 51 122 = 7.8 162 + 5.4 1538 + 7.2 — 23 
3 & 32 51 1123 3= 5.0 ND Se 1/55 129 == 8.0 — 86 
+ 3 0 51 115 + 5.4 201 + 6.9 219 +10.5 +21t 
5 2 50 56 127 + 6.8 158 + 3.8 142+ 4.8 — 50 
6 3 24 60 120 + 6.8 185+ 4.0 140 +10.5 — 69 
if Q 18 66 Gs py) 185 +10.5 1388 + 8.4 — 68 
8 A 20 67 Wf cee Wat 172+ 5.5 147 + 6.6 — 55 
2 fe) 68 69 122 + 7.8 172 + 4.8 148+ 4.0 — 48 
9 a 22 7p 117 + 4.6 164+ 9.4 145 + 7.6 — 47 
7 Q 21 81 MAU Ste ys 166 + 6.7 140+ 3.9 — 53 
9 3} 85 82 MT SS 2X6) 170 +11.0 142 + 6.6 —53 
8 & 16 87 U2 Test ORL 166 + 5.8 150 + 6.6 — 41 
3 a 40 98 123 + 5.0 Ilse “(0 147 == 9.1 — 50 

10 a 0 99 129 = 9.0 160 + 2.7 LSS Tee +74t 
10 3 a2 2.0) Sp BL? 146 + 5.9 — 54 


iil 121 129 


166 


was observed daily. Control experiments with 
normal serum were conducted. 


* Ave + stand. dev. 


+t Maintained chronic pressor effect in the absence of antirenin. 


The P yalue (t test) was <.01 in all experiments. 


mal findings. 
The maximal antihypertensive effect for the 
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Results. Table I summarizes results with first course of injections occurred during the 
hog renin injections. The normotensive and _ third to the sixth months of treatment as the 


hypertensive blood pressure levels are each 
based upon a minimum of 12 to 18 readings 
over a period of 2 to 3 months . The maximal 
response to treatment level is based on a mini- 
mum of 6 to 12 readings over a period of one 
to 2 months. All of the dogs showed a sig- 
nificant antihypertensive effect ranging from 
23 to 86% reduction in their hypertensions, 
except the 2 animals which did not develop 


velopment of antirenin. 
treatment, the blood pressure gradually re- 
turned to its pretreatment level over a period 


antirenin titre approached its maximum and 
was maintained until treatment was discon- 
tinued. The maximal antihypertensive effect 
for the second course was observed during the 
second to the fourth months of treatment, cor- 
relating with the more rapid anamnestic de- 


Following the end of 


antirenin. None of the dogs showed adverse of 2 to 6 months as the antirenin titre fell 


effects 


weight, and general clinical condition were 
well maintained. Urinalyses and blood urea 


from treatment. 


nitrogen determinations consistently gave nor- dog. 


Appetite, body toward 0. Fig. 1 shows a typical antihyper- 
tensive effect from a course of semipurified 
hog renin in a long term renal hypertensive 


The 2 dogs which did not develop anti- 


TREATMENT WITH SEMIPURIFIED HOG RENIN - 10.0 D.U. per kg. 
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TABLE If. Antihypertensive Effect of Homologous Antirenin to Hog Renin Passively Transferred to 
Dogs with Long Term Experimental Renal Hypertension. 


-—— Blood pressure in mm Hg—, 


Total anti- Duration Maxre- Effect on 
Dog No. renin dose Maxanti- of hyper- Normo- Hyper- sponse to hyperten- 
(seeTableIl) Sex (A.U./kg) renintitre tension tension tension antirenin sion, % 
7 fe) 3560 9 93 117 + 5.2* 169 +11.6* 128 — 79 
7 Q 947 5 97 Mees, abies BU) IO 100, 
7 Q 0 0 99 17 5 2 GO S27 Gs ea.) —) 4* 
9 é 1353 4 96 117 +4.6 164+ 4.0 133 — 66 
10 3 1700 15 108 129+9.0 164+ 25 114 —100 
10 3 0 0 114 129+9.0 166+ 52 166+ 3.0 0* 
* Normal serum controls. 


renin not only did not show an antihyperten- 
sive effect but showed a maintained chronic 
pressor effect which has been discussed else- 
where(17). 

Table II summarizes results with the pas- 
sive transfer of antirenin. The 4 passive trans- 
fer experiments with antirenin produced 66 to 
100% reductions in the hypertensions of the 
three long term renal hypertensive dogs com- 
pared with antihypertensive effects in the 
same dogs of 54 to 68% as a result of 5 
courses of hog renin. The maximal antihyper- 
tensive effect was obtained on the third or 
fifth day of the passive transfer experiment. 
usually simultaneously with the maximum 
antirenin titre. The blood pressure then grad- 
ually returned to the previous hypertensive 
level over a period of two weeks or more as 
the antirenin titre fell toward 0. Control pas- 
sive transfer experiments with normal serum 
in 2 of the 3 dogs were without antihyperten- 
sive effect. None of the animals showed ad- 
verse changes in clinical condition or abnor- 
malities in urinalyses following antiserum or 
serum administrations. Fig. 2 illustrates a 
passive transfer of antirenin and a control ex- 
periment in one of the dogs. 

Discussion. The results with hog renin and 
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with the passive transfer of antirenin support 
the hypothesis that renin (or a closely related 
renal protein) plays a significant role in ex- 
perimental renal hypertension of many years 
duration in the dog. Although our research 
group has already shown that numerous con- 
trol tissue extracts are without antihyperten- 
sive effect(13), the lack of response in the 2 
long term hypertensive dogs failing to develop 
antirenin on hog renin therapy, further rules 
out a non-specific foreign protein effect as the 
cause of the antihypertensive response. The 
failure of most of the long term hypertensive 
dogs to show a decrease in blood pressure to 
normotension whereas most of the dogs with 
chronic hypertensions of 8 to 37 months 
showed such a decrease on semipurified hog 
renin therapy(13), suggests at least three pos- 
sible explanations: (1) the pathogenesis of 
experimental renal hypertension in the dog 
may undergo a gradual change with the pas- 
sage of years whereby renin plays a decreased 
role; (2) progressive arteriolosclerosis may 
develop over a period of years; and (3) com- 
pensatory mechanisms opposing the antihy- 
pertensive effect of actively produced anti- 
renin may be enhanced in long term as con- 
trasted with chronic experimental renal hyper- 
tension in the dog. The decrease in blood pres- 
sure to normotension or near normotension 
produced by the passive transfer of antirenin 
is opposed to (1) and (2). Likewise an ex- 
tensive study of the passive transfer of anti- 
renin in renal hypertensive dogs to be pub- 
lished later(18) indicates that the duration of 
chronic hypertension is without effect on the 
antihypertensive response to passive immuni- 
zation with antirenin. Moreover, histological 
examination of the arterioles of long term hy- 
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pertensive dogs by us confirmed the previous 
observation of Goldblatt that experimental 
renal hypertensive dogs show a minimal 
amount of arteriolosclerosis. This leaves the 
suggestion that compensatory hypertensive 
mechanisms come more prominently into play 
when serum antirenin is gradually increased 
by semipurified hog renin than when the 
serum antirenin titre is quickly developed by 
passive immunization with antirenin. Our 
observations shed no light on what these com- 
pensatory mechanisms may be although in- 
creased vasomotor tonus may be involved. 
Recently our research group reported an in- 
crease in renal renin concentration propor- 
tional to the antirenin titre in normotensive 
and renal hypertensive dogs on hog renin ther- 
apy but found no difference in this respect 
among acute, chronic, and long term renal 
hypertensive dogs(19). 


Floyer(20) has suggested that possibly 
renin may exercise its pathogenetic role in 
chronic experimental renal hypertension by 
acting on the kidney perhaps to decrease the 
production of the blood pressure regulatory or 
depressor renal hormone (loss of which by 
complete nephrectomy results in renoprival 
hypertension) (21). Conceivably this action 
might evolve gradually during acute experi- 
mental renal hypertension and become sig- 
nificant only in chronic experimental renal hy- 
pertension. This hypothesis would reconcile 
the conflicting findings reviewed in the intro- 
duction of this report and would be in agree- 
ment with our finding that renin still plays a 
dominant role in the pathogenesis of long term 
experimental renal hypertension. The de- 
creased antihypertensive response of long 
-term experimental renal hypertension to hog 
renin injections might be due to failure of the 
blood pressure regulatory renal hormone to 
increase to the normal level as the serum anti- 
renin titre is gradually increased by active im- 
munization with hog renin. Certainly this in- 
triguing hypothesis should be investigated. 


Summary and conclusions. 1. Courses of 
intramuscular injections of semipurified hog 
renin from cortex administered to dogs with 
experimental renal hypertensions of 4 or more 
years duration produced a significant reduc- 


tion in blood pressure in those dogs which de- 
veloped antirenin but not to normotension as 
previously found in dogs with chronic renal 
hypertension of 6 to 37 months duration. The 
2 dogs which did not develop antirenin showed 
a maintained chronic pressor effect. 2. Pas- 
sive immunization with homologous antirenin 
to hog renin produced a reduction in blood 
pressure to normotension or near normoten- 
sion in dogs with experimental renal hyperten- 
sions of more than 7 years duration. 3. The 
mechanism of the decreased response to hog 
renin therapy in long term experimental renal 
hypertension in the dog is unknown. The re- 
sults with passive immunization suggest that 
a lessened pathogenetic role for renin is not 
involved nor is progressive arteriolosclerosis. 
Possibly compensatory hypertensive mechan- 
isms are more effective in the face of the grad- 
ually increasing antirenin titre of hog renin 
therapy than of the abruptly produced anti- 
renin titre of passive immunization. 4. The 
results indicate that renin (or a closely related 
renal protein) is the principal pathogenetic 
factor even in experimental renal hypertension 
of many years duration in the dog. 
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Technic for Preparation of Glycerol-extracted Whole Frog Hearts for 


Study of Myocardial Fiber Responses.* 


(21952) 


Lee W. HAawxtnst AND JOHN R. SMITH. 
From the Cardiovascular Division, Department of Medicine, Washington University School of 
Medicine, St. Louis, Mo. 


Since the demonstration by Szent-Gyorgyi 
that glycerinated skeletal muscle fibers con- 
tract on exposure to adenosine triphosphate, 
interest has developed in this preparation as 
a model for the study of muscle contraction 
(1). Attention has been directed largely to 
glycerinated psoas muscle fibers because of 
their length and relative absence of connective 
tissue(2-4). Glycerol-treated cardiac muscle 
fibers are more difficult to handle and have 
not been extensively studied. However, Taes- 
chler and Bing(5) were able to prepare and 
observe glycerol-extracted trabecular fibers of 
dog hearts. The purpose of this communica- 
tion is to describe a glycerinated frog-heart 
preparation which is suitable for the study of 
contraction-relaxation cycles. 

Method. The frog heart has no coronary 
circulation, so that tissue nutrition depends 
upon the diffusion of solutes through the en- 
docardium. The quantity of diffusion is en- 
hanced by numerous fissures in the ventricu- 
lar walls(6). Therefore, thorough glycerine 
extraction of the whole heart should be 
achieved by perfusion and immersion in a 
glycerol solution. After extraction, ventricu- 
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lar perfusion with suitable solutes should pro- 
duce contraction of the muscle fibers. Large 
bullfrogs (Rana catesbiana) are employed. 
For the preparation of glycerinated hearts, the 
central nervous system is destroyed and the 
thorax opened ventrally. The pericardium is 
excised and the heart is dissected from the 
mediastinum, care being taken to avoid injury 
to the ventricle. The fresh heart is placed in 
Ringer’s fluid at room temperature and al- 
lowed to beat for several minutes until largely 
cleared of blood. The heart is then tied to 
an applicator stick by a ligature tightly 
drawn around the aortae and upper portion 
of the atria. A small wire hook is inserted 
through the ventricular muscle near the apex; 
the free end of the hook is tied to the stick so 
as to apply a slight stretch to the ventricle. A 
needle introduced through the atrium permits 
the infusion of 50% glycerol into the heart 
until it is moderately distended. This pro- 
cedure removes all blood, and the tissue be- 
comes translucent. The mounted specimen is 
then placed in a capped test tube containing 
50% glycerol and is stored at —30 to -10°C 
for 48 to 72 hours. A thin coat of ice may 
form at the glycerol-air interface; the tissue 
should be kept below this level. 

Results. After extraction for 2 to 3 days, 
contraction and relaxation of the glycerinated 
hearts may be produced by using the perfu- 
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FIG. 1. Diagrammatic sketch of perfusion appa- 

ratus with glycerinated frog heart in place. Rate 

of perfusion of ‘‘saline’’? may be regulated from 

30 ml funnel by the stopcock. The counterweighted 

compound lever system has a net wt of about 800 

mg; the system is readily moved by the ventricular 
muscle fibers. 


sion procedure. For this purpose a simple ap- 
paratus is employed (Fig. 1). The stick is 
cut above and below the atrial ligature and 
the tie holding the hook is severed. The heart 
is suspended in the apparatus by a pinch 
clamp applied to the atrium adjacent to the 
AV groove. The lower end of the hook en- 
gages a compound lever system the move- 
ments of which are plotted on BMR paper 
mounted on a kymograph. Writing levers or 
smoked drums may be used if desired. The 
heart is perfused by means of a 15-gauge 
needle inserted through the atrium into the 
ventricular cavity; the fluid escapes from the 
ventricle through the small orifice made by 
the hook. Thorough perfusion of the entire 
ventricle must be obtained in order to induce 
maximum contractions. We have found that 
adequate distention and uniform perfusion of 
the specimen is assured when the needle is 
placed through the atrium medial to the 
bulbus cordis, and a few millimeters into the 
ventricular chamber. Moderate distention of 
the tissue probably enhances diffusion of 
solutes around muscle fibers, and facilitates 
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contraction by stretch of the fibrils(5).°. The 
glycerinated myocardium is friable and cau- 
tion must be obserVed to prevent tearing of 
the tissue. 

A solution of 0.15 M KCl and 0.02 M 
MgCl, (or other molarities as desired) in 
glass-distilled water serves as the basic per- 
fusate. This solution is similar to that de- 
scribed by Bozler(4), and is designated as 
“saline.” The suspended heart is irrigated 
with the “saline” at room temperature for sev- 
eral minutes before the administration of 
ATP. The di-sodium salt of adenosine tri- 
phosphate (Sigma) prepared in ‘saline’ is 
administered through the perfusion funnel. 
Concentrations ranging between 0.05% and 
4.0% ATP have been used. However, repro- 
ducible maximal contractions more often oc- 
cur with 0.5 to 1.0% ATP solutions. Because 
of the acidity of ATP, it is our custom to ad- 
just the ATP-saline solution to physiological 
pH range. The pH adjustment may be car- 
ried out with N/10 KOH immediately before 
use. 

More than 130 glycerinated frog heart 
preparations have been studied using this tech- 
nic. Marked contraction develops within 1 
minute from the beginning of ATP perfusion 
and peak tension occurs within 3 minutes in 
most instances. We have repeatedly noted 
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Example of contraction-curve of a glycer- 
inated whole frog heart. Basie perfusate of KCl 
.003 M and MgCl, .0004 M. 1% ATP in basic per- 
fusate added at indicated point. 
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that ATP contractions of the preparations are 
enhanced by permitting the specimens to come 
nearly to room temperature before they are 
detached from the applicator sticks and set up 
for perfusion. 

Comment. This model system may be of 
value in qualitative studies of contraction and 
relaxation phenomena in glycerinated cardiac 
muscle. Observations concerning mechanisms 
of relaxation are in progress. The rapidity of 
the diffusion of solutes around the muscle cells 
is confirmed by the rapidity of ATP response. 
The ease of operation of the model system and 
the simplicity of preparation commend this 
technic for experimental observations of myo- 
cardial contractile proteins. 

Summary. A method is described for the 
study of contraction-relaxation phenomena in 
glvcerol-extracted cardiac muscle. Excised 
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hearts of bullfrogs are mounted and extracted 
in 50% glycerine; subsequently, perfusion 
with electrolyte solutions and ATP may be 
carried out, and the contraction recorded by 
a mechanical system. The ease of prepara- 
tion and the dependability of the muscle 
model may prove to be of value in the study 
of glycerol-extracted heart muscle. 
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Effect of Lipemia and Heparin on Free Fatty Acid Concentration of Serum 


in Humans.* 


(21953) 


Morton I. GrossmAn,t Huco C. MoELLER,+ AND LucILLE PALM. 
From U.S. Army Medical Nutrition Laboratory, Fitzsimons Army Hospital, Denver. 


The discovery that the im vitro clearing of 
lipemia by plasma obtained after injection of 
heparin involves lipolysis of triglyceride with 
release of free fatty acid(1-5) has directed at- 
tention to the possibility that free fatty acid 
might be released in vivo by the action of 
post-heparin clearing factor. Furthermore, 
the possibility that clearing factor may par- 
ticipate in normal fat metabolism and trans- 
port, even when heparin has not been injected 
(6-8), suggests that free fatty acid may play 
a physiological role. 

It was shown(9) that in rats the free fatty 
acid concentration of the serum rose when 
heparin was injected or when alimentary lip- 
emia was present. The present study extends 
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these observations to human subjects in whom 
lipemia was induced both by the alimentary 
route and by intravenous injection of fat 
emulsion and in whom heparin was injected 
intravenously both in the fasting state and 
during alimentary lipemia. 

Subjects, materials and methods. Ten 
healthy young adult males, conscientious ob- 
jectors assigned to the Metabolic Research 
Division of this laboratory, served as subjects. 
Heparin (Testagar, 10 mg/ml) was injected 
intravenously at a dose of 0.5 mg/kg 
body weight. For the production of alimen- 
tary lipemia commercial cottonseed oil (Wes- 
son) was used. The fat emulsion used for in- 
travenous injection (Lipomul, Upjohn) had 
the following composition: cottonseed oil 
15%, dextrose 4.2%, soybean phosphatide 
1%, and polyethoxy-propylene oxide (Plur- 
onic F-68, Wyandotte) 0.5%. Blood lipid 
analyses. Venous blood samples were taken 
from the antecubital vein in chilled syringes 
and placed immediately in an ice water bath. 
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TABLE I. Blood Lipid Levels of Human Subjects, 
Fasting, Lipemic, and after Injection of Heparin. 


Lipemic, Fasting, 
post- post- 
Fasting Lipemic heparin heparin 


Optical density 
Whole serum 


Mean 072 211 .158 

Stand. dev. .018 086 .091 
Infranatant 

Mean 044 055 .046 

Stand. dev. 006 .009 009 


Total fatty acid (meq/1) 
Whole serum 


Mean 14.0 Lee 15.8 

Stand. dey. 4.68 6.81 Bese 
Tnfranatant 

Mean 12.1 Bu) 14.4 

Stand. dev. 1.69 2.30 2.73 


Free fatty acid (meq/1) 
Whole serum 


Mean A533 NO: 76 1.00 

Stand. dey. eat 14 5] 18 
Infranatant 

Mean “ay eo 2.49 


Stand. dey. plat 14 87 


Refrigeration was maintained during centrifu- 
gation and separation of the serum up to the 
time of analysis. Optical density was deter- 
mined at 700 my in a Coleman Junior spectro- 
photometer using microcuvettes. Total fatty 
acid was determined by a modification of the 
method of Smith and Kik(10), and free fatty 
acid was determined by a modification(9) of 
the method of Davis(11). In the study of 
alimentary lipemia analyses were done on 
whole serum and on the infranatant obtained 
by high speed centrifugation. The high speed 
centrifugation was carried out in a Servall su- 
perspeed centrifuge in a room maintained at 
5°C. After 30 minutes centrifugation at 14,- 
000 rpm the infranatant was drawn off with 
a syringe and needle and recentrifuged in a 
similar fashion. 


Results. Alimentary lipemia and heparin 
injection. After a 12-hour overnight fast the 
10 subjects received 150 ml of cottonseed oil 
by fine polyethylene nasogastric tube. Four 
hours later heparin was given intravenously in 
a dose of 0.5 mg per kg of body weight. Blood 
samples were drawn immediately before giv- 
ing the oil (fasting sample), 4 hours later, just 
before giving the heparin (lipemic sample), 
and 15 minutes after the heparin injection 
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(lipemic post-heparin sample). The results 
are summarized in Table I. The lipemic sam- 
ples showed an elevation of the values for op- 
tical density and free and total fatty acid 
when compared with the fasting samples. The 
elevation of free fatty acid concentration was 
statistically highly significant (Table IT). 
Comparing the values for whole serum and in- 
franatant, it is seen that whereas total fatty 
acid concentration was significantly reduced 
by removal of visible turbid lipid, free fatty 
acid concentration remained unchanged (Ta- 
ble II). Injection of heparin resulted in a 
decrease in optical density and total fatty acid 
concentration but a marked elevation of free 
fatty acid concentration (Table I). The val- 
ues for free fatty acid concentration of the 
infranatant samples after heparin injection 
were even higher than those of the correspond- 
ing whole serum. This is attributable to the 
delay in analysis (about 2 hours) that was re- 
quired to accomplish the centrifugation. 
Whole serum post-heparin samples held at 
5°C but not centrifuged showed a similar rise 
in this period of time but pre-heparin samples 
did not. Thus, in contrast to our previous 
findings on rat serum(9), refrigeration does 
not prevent completely iv vitro lipolysis in hu- 
man post-heparin serum. For this reason the 
values for free fatty acid in post-heparin serum 
given in this paper cannot be taken to repre- 
sent the true im vivo situation since they in- 
clude an increment that has occurred in vitro. 

Heparin injection in fasting subjects. Blood 
samples were taken 15 minutes after intra- 
venous injection of 0.5 mg heparin per kg 
body weight while the 10 subjects were in the 
fasting state. Free fatty acid concentration 
(Table I) was substantially elevated (1.00 
meq/l) as compared with the pre-injection 
control (0.51 meq/l). Because of the possi- 
bility that 7 vitro lipolysis was occurring in 
these post-heparin samples, it cannot be de- 
termined how closely this reflects the true im 
vivo situation. 

Intravenous injection of fat emulsion. Nine 
of the test subjects each received 3 separate 
500 ml infusions of fat emulsion at 3 different 
rates on consecutive days. The rates were 30. 
60 and 120 drops per minute. The assignment 
of the order of infusion rates to the subjects 
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TABLE II. Significance of Differences in Table I. 


Stand. error 


Mean of mean 
Difference between difference difference t 12 

Total fatty acid 

Lipemic, whole serum ys. infranatant 4,58 LDS 3.01 <.01 
Free fatty acid 

Fasting, whole serum vs. infranatant 004 -008 50 3105 

Lipemie, Idem 008 007 SIMs >.05 

Whole serum, fasting vs. lipemic 244 043 5.67 <0 


followed a Latin square design. Venous blood 
samples were taken at the end of the infusion. 

The results are summarized in Fig. 1. Op- 
tical density and free and total fatty acid con- 
centrations bore a linear relation to the loga- 
rithm of the infusion rate. Analysis of vari- 
ance showed that the free fatty acid concen- 
trations were significantly different at the 
various infusion rates and that the regression 
of free fatty acid concentration on logarithm 
of infusion rate did not deviate significantly 
from linearity. In a separate study it was 
found that injection of the emulsifying agents 
without fat did not produce any alteration in 
optical density or free and total fatty acid 
concentration(18). 

Discussion. The results of the present study 
confirm the findings of the previous study in 
rats(9) in showing that an increase in free 
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FIG, 1. Relation between rate of infusion of fat 
emulsion and blood lipid levels at end of infusion 
in human subjeets. 


fatty acid concentration of the serum occurs 
during lipemia. In addition it was found that 
the free fatty acid resides in the non-particu- 
late portion of the serum since its concentra- 
tion was not reduced by removal of the turbid 
lipid particles by high speed centrifugation. 
Serum albumin is known to have a high bind- 
ing capacity for fatty acid(12-16) and it 
is probable that most of it is so bound in 
serum. It has been demonstrated in this Lab- 
oratory that when C1-labeled triglyceride is 
incubated with post-heparin plasma in vitro 
incorporation of activity into the albumin 
fraction, as detected by filter paper electro- 
phoresis, occurs(17). The highest concentra- 
tion of free fatty acid encountered in this 
study (excluding the heparin studies where in 
vitro lipolysis occurred) was 1.46 meq/] in 
one of the subjects after rapid intravenous in- 
jection of fat emulsion. Assuming a molar 
concentration of albumin in serum of 0.7 
mM _/1. this would represent a 2 to 1 molar 
ratio of fatty acid to albumin. /n vitro studies 
(12) have shown that the binding capacity of 
albumin for fatty acid may go as high as 6 
to 1. Although the present study was compli- 
cated by the occurrence of in vitro lipolysis in 
the post-heparin samples, it is reasonable to 
assume that the entire elevation was not due 
to this factor and that heparin injection in 
human subjects produces an elevation of in 
vivo free fatty acid concentration comparable 
to that which has previously been demon- 
strated in rats(9). Much higher concentra- 
tions of total fatty acid were achieved in the 
studies with intravenous infusion of fat emul- 
sion than in those on alimentary lipemia. It 
was found that the concentration of free fatty 
acid rose as the concentration of total fatty 
acid rose. This suggests that the rate of 
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lipolysis is augmented by mass action as the 
concentration of substrate (triglyceride fat) 
increases. The findings of this study are con- 
sonant with the hypothesis that lipolysis 
plays a physiological role in removal of turbid 
fat particles from the blood and that unesteri- 
fied fatty acid bound to protein may be a 
mechanism for transporting fat from blood to 
tissues. Heparin probably accelerates the ac- 
tivity of the lipolytic mechanism(5). 

Summary. 1. During alimentary lipemia 
and lipemia produced by intravenous injection 
of fat emulsions there was a rise in the concen- 
tration of free fatty acid in serum. The free 
fatty acid was found in the non-turbid portion 
of serum (infranatant of high speed centrifu- 
gation). Injection of heparin produced an 
elevation of free fatty acid concentration 
which was greater in lipemic than in fasting 
subjects. A portion of this elevation after 
heparin was attributable to in vitro lipolysis. 
2. It is suggested that lipolysis with free fatty 
acid formation may play a role in normal fat 
metabolism and transport. 


1. Nichols, A. V., Freeman, N. K., Shore, B., and 
Rubin, L., Circulation, 1952, v6, 457. 

2. Shore, B., Nichols, A. V., and Freeman, N. K., 
Proc. Soc. Exp. Bror. AND Mep., 1953, v83, 216. 

3. Nichols, A. V., Rubin, L., and Lindgren, F. T., 
ibid., 1954, v85, 352. 


109 


4. Grossman, M. I., Stadler, J., Cushing, A., and 
Palm, L., Proc. Soc. Exp. Bion. anp MeEp., 1955, v88, 
132. aah 

5. Korn, E. D., Science, 1954, v120, 399. 

6. Bragdon,.J. H., and Havel, R. J.. Am. J. 
Physiol., 1954, v177, 128. 

7. Levy, S. W., and Swank, R. L., J. Physiol, 
1954, v123, 301. 

8. Pierce, F. T., Metabolism, 1954, v3, 142. 

9. Grossman, M. I., Palm, L., Becker, G. H., and 
Moeller, H. C., Proc. Soc. Exp. Bron. AND MeED., 
1954, v87, 312. 

10. Smith, M. E., and Kik, M. C., J. Biol. Chem., 
1933, v103, 391. 

11. Davis, B. D., Arch. Biochem., 1947, v15, 351. 

12. Gordon, R. S., Jr., Boyle, E., Brown, R. K., 
Cherkes, A., and Anfinson, C. B., Proc. Soc. Exp. 
Brot. AND MeEp., 1953, v84, 168. 

13. Klotz, I. M., and Ayers, J., Trans. Faraday Soc., 
1953, v13, 189. 

14. Robinson, D. S., and French, J. E., Quart. J. 
Exp. Physiol., 1953, v38, 233. 

15. Teresi, J. D., and Luck, J. M.. J. Biol. Chem., 
LOS 2 vlO4 8233 

16. Davis, B., and Dubos, R., Arch. Biochem., 
1946, v11, 201. 

17. McDaniel, R. A., and Grossman, M. I., Proc. 
Soc. Exe. Brov. anp Mep., 1955, v89, 442. 

18. Moeller, H. C., Haynes, R. C., Bernstein, L. M., 
Levy, L. M., and Grossman, M. I., Med. Nutrition 
Lab. Rep. No. 163, 1955. 


Received August 16, 1955. P.S.E.B.M., 1955, v90. 


Effect of Triiodothyronine on Oxygen Consumption of Tissues Not 
Responsive to Thyroxine.* (21954) 


S. B. BARKER. 
From Department of Pharamacology, University of Alabama Medical Center, Birmingham. 


The most prominent effect of thyroxine in- 
jection in experimental animals is an increase 
in metabolic rate. Corresponding increases in 
oxygen consumption have been obtained with 
such tissues as heart, liver, kidney, diaphragm, 
skeletal muscle and salivary gland removed 
from thyroxine-injected animals. In contrast, 
many other tissues do not participate in the 
metabolic stimulation, notably brain, spleen, 
testis, prostate, seminal vesicle, ovary, uterus, 


* This work was supported by a grant from the 
Smith, Kline & French Foundation. 


thymus and lymph node(1,2). 


Since the discovery of triiodothyronine 
(TRIT) as a form of thyroid hormone even 
more potent than thyroxine(3), it has been 
proposed that the latter may be active only 
after partial deiodination to triiodothyronine 
(4). Evidence is accumulating that such a 
transformation does occur(5,6), although its 
obligatory character is far from established 
(7). It seemed possible that the lack of re- 
sponse of the tissues mentioned above, as far 
as thyroxine was concerned, might be due to 
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TABLE I. Effect of Injections of L-Thyroxine or of L-Triiodothyronine on Tissue Metabolism 
: of Thyroidectomized Rats. 


eS eee 8 
—oooeeeeeeeeeeeeeeeee®«oa@®«ooqqq a ee 


Thyroidect.,* 


————— % change from control Qo. ——— 


control Thyroxine,* MEA TRIT,t 
Tissue QO. 2mg/kg/d 5 mg/kg/d 2mg/kg/d 
ds ee ets bs ozs = 

Liver 1.02 4- 42.2 + 44.1 + 63.8 
Diaphragm .62 + 43.2 + 32.3 + 47.7 
Salivary gland 1.98 + 24.7 + 37.9 + 49.1 
Heart 58 +132.4 +135.9 + 200.3 
Brain 1.34 - lh = 1.5 + 2.4 
Spleen 1.42 —- 4,9 + 5.6 + 1.6 
Testis 62 + 12.9 + 8.1 -— 65.7 
Seminal vesicle 89 + 1.1 — 4.5 — 3.8 
Prostate 1.45 + 6.2 — 6.2 + 4.0 
Ovary 1.49 + 4.7 + 3.4 + 417 
Uterus 1.12 — 11.6 — 14.3 + 7.7 
Thymus 1.14 + 5.8 + 3.5 + 4.8 
Lymph node Heald, = oo + 11.1 + 2.5 
Gastric Sm. Mus, we + 2.7 0 — 3.9 


* Five ¢ and 5 9 in each of these groups. 
t+ One @ and one Q in this group. 


inability to carry out this transformation. 
The results of the present work show that, 
although TRIT is some 4 times as effective as 
thyroxine in increasing metabolism of several 
tissues, its results are not qualitatively dif- 
ferent from those of thyroxine. 

Methods. Both male and female albino 
rats of the Sprague-Dawley strain were used. 
All were thyroidectomized at least 4 weeks 
prior to being injected. As a reference ma- 
terial, L-thyroxinet was injected in a dose of 
2 mg/kg/day for 4 days and the animals sac- 
rificed on the fifth day. Preliminary studies 
indicated that an equimolar dose of L-triiodo- 
thyronine+ produced a much greater elevation 
in metabolism of heart, liver, diaphragm and 
salivary gland than resulted from thyroxine. 
Since one-quarter of the equivalent dose gave 
approximately the same effect as thyroxine, 
this amount was used. The compounds to be 
injected were dissolved in a small amount of 
0.1 N NaOH, which was diluted to a final con- 
centration of 0.02 N and was made isotonic 
with NaCl. Some of the control animals were 
injected with an equivalent amount of the 
alkaline saline; since no differences were ob- 
served from the uninjected, all control animals 


+ L-Thyroxine was obtained from the Travenol 
Laboratories, through the kindness of Dr. H. A. 
Fevold. 

¢ L-Triiodothyronine was furnished by Dr. A. E. 
Heming of Smith, Kline & French Laboratories. 


were lumped together. Preparation of each 
of the various tissues was carried out as dis- 
cussed previously(1,2). Oxygen consumption 
of each tissue was measured in a Krebs’ 
Ringer phosphate medium with glucose (100 
mg%) as substrate. 

Results. Table I shows the average oxygen 
consumptions for the array of tissues studied 
from the control thyroidectomized animals 
and from those injected with thyroxine and 
triiodothyronine. Five males and 5 females 
were used in each category of control and 
thyroxine-injected or TRIT-injected. The 
averages of all tissues not sex-specific are 
therefore from 10 animals. It can be seen 
that, amongst the tissues used as references. 
liver and heart were increased about the same 
amount by both substances at the dose levels 
employed. Triiodothyronine accelerated sa- 
livary gland metabolism somewhat more, and 
diaphragm less than did thyroxine. Two addi- 
tional rats are included which received 4 times 
as much triiodothyronine as the others, or a 
dose equimolar with the thyroxine. The oxy- 
gen consumption increases were greater in 
these 2, but not proportionally. 

The remaining data in the Table deal with 
tissues previously found unresponsive to thy- 
roxine, with one exception. These were again 
unaltered by thyroxine and in addition were 
not changed by either the 0.5 or the 2.0 mg 
dose of triiodothyronine. The one exception 
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was gastric smooth muscle which had previ- 
ously been reported as stimulated by thy- 
roxine injection(1). When neither TRIT nor 
thyroxine influenced its metabolism in the 
present series, the original data of Barker and 
Klitgaard were carefully re-examined, but no 
explanation could be discovered for the dis- 
crepancy. Preliminary experiments with sev- 
eral other thyroxine analogs have yielded re- 
sults similar to those shown here. This tissue 
now becomes consistent with other unrespon- 
sive structures also made up primarily of 
smooth muscle, such as uterus and seminal 
vesicle. 


One may conclude from these data that, in 
the thyroidectomized rat, triiodothyronine 
produces qualitatively the same effects on tis- 
sue metabolism as thyroxine. As already men- 
tioned, there is no clear evidence that forma- 
tion of the triiodinated form from the tetra- 
iodinated is an obligatory step in the tissue 
response to the latter. The present study dis- 
closes that, even if triiodothyronine is made 
available, some tissues do not respond. An 
interesting point to pursue would be to deter- 
mine whether any of these resistant tissues is 
actually capable of deiodinating thyroxine. 

Discussion. Unpublished observations of 
Klitgaard and Barker indicate that after in- 
jection of these amounts of thyroxine, the 
hormone is present in all tissues to about the 
same concentration, except for liver and kid- 
ney, where levels are much higher. Compar- 
able data are not available for triiodothyro- 
nine. At much lower dose levels, both forms 
of the hormone have been shown to be present 
in many tissues of the animal body(8). The 
question of penetration of cells by thyroxine 
or TRIT has not been answered clearly al- 
though Gross ef al.(8,9). have demonstrated 


iO 


considerable concentration of TRIT by parts 
of the brain, especially posterior pituitary. 

Summary. 1. L-Triiodothyronine (TRIT) 
injected into thyroidectomized rats at a dose 
level equivalent to 0.5 mg L-thyroxine/kg 
body weight/day is capable of stimulating the 
oxygen consumption of liver, diaphragm, 
heart and salivary gland preparations to the 
same extent as 2 mg of L-thyroxine. 2. Nei- 
ther 0.5 nor 2 mg TRIT injected/kg/day al- 
tered the metabolic rates of tissues found un- 
affected by 2 mg of L-thyroxine, including 
brain, spleen, testis, seminal vesicle, prostate, 
ovary, uterus, thymus, lymph node and gastric 
smooth muscle. 3. Even if thyroxine is con- 
verted to TRIT before exerting its effect on 
the metabolic rate the failure of these tissues 
to respond to thyroxine does not seem re- 
ferable to any possible inability to carry out 
this deiodination. 
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Comparison Between Changes in Serum Inorganic Phosphorus Induced by 


Glucose and Glucagon in Diabetics. 


(21955) 


F. DE VENANZI.* 
From the Instituto de Investigaciones Médicas, Fundacion Luis Roche, Plasa Morelos, 
Caracas, Venezuela. 


Kirtley, Waife and Peck(1) first reported 
the effect of glucagon upon blood sugar and 
serum inorganic phosphate in diabetics. In 
4 “stable” diabetics, blood sugar rose to ap- 
proximately the same level as in normal sub- 
jects, remained elevated longer and the serum 
inorganic phosphorus fall was impaired. In 
4 “unstable” diabetics, there was a_ lesser 
blood sugar increase and the return to basal 
levels was about the same as in normals; phos- 
phorus fall was the same as in normals in this 
group. Kirtley ef al.(2) extended these ob- 
servations and showed with epinephrine re- 
sults similar to those obtained with glucagon. 

In the following investigation, we wished to 
inquire whether diabetics, classified according 
to the Delta G/Delta P test (based on magni- 
tude of serum inorganic phosphorus fall after 
intravenous injection of glucose) presented 
differences in regard to response to glucagon. 

Material and methods. The tests were car- 
ried out in 35 diabetic patients chosen at ran- 
dom, most of them without previous insulin 
treatment. A few of the subjects, who were 
being treated with long acting insulin prepara- 


tions, were given regular insulin instead for 
the 2 days preceding the tests. The patients 
were kept fasting from the night preceding the 
test and remained at rest for a half hour before 
and during the test. The Delta G/Delta P 
test was performed according to a previously 
described technic, consisting essentially in the 
intravenous injection of 1 ml/kg body weight 
of a 50% glucose solution at the rate of ap- 
proximately 10 ml/m; samples of blood are 
taken at 0, 30, 45 and 60 minutes. Blood 
sugar was determined by the Nelson-Somogyi 
method(3) and serum inorganic phosphorus 
by the Fiske-Subbarow method(4), modified 
for the spectrophotometer. According to pre- 
vious investigations(5,6), an increase in blood 
sugar at 45 minutes over the initial level 
(Delta G) of more than 50 mg/100 ml is evi- 
dence of a decrease in the subject’s capacity 
to remove glucose from the blood stream, and 
a decrease in serum inorganic phos- 
phorus below the initial level at 45 minutes 
(Delta P) of less than 0.30 mg/100 ml is 
considered defective. A normal Delta P is 
presumptive evidence of insulin secretion. 


TABLE I. Changes in Serum Inorganic Phosphorus (mg/100 ml) after Administration of 
Glucose in Diabetics. Limiting value between the two groups has been taken as —0.30 mg/109 
ml decrease from the initial value at 45 min. 


Averages and standard errors. 


No. of Initial 
Group cases values 30’ 45’ 60’ 
Defective A P 19 Salieerts =07. + .04 —.09 + .01 -.06 + .02 
Normal A P 16 3.42 + .22 sen! Se Adil —.50 + 04 —.45 ae .06 


TABLE II. Changes in Blood Sugar after Administration of Glucose (mg/100 ml) in Diabeties 
Classified According to Serum Inorganic Phosphorus Fall in the Same Test. 


Averages and standard errors. 
—— a ae a a 
—————————————————————__——= 


No. of Initial 
Group cases values 30’ 45’ 60’ 
Defective A P 19 236 + 18 +143 47 +112 +8 +8747 
Normal A P 16 133 + 12 +131 +9 + 96+9 me ee ea:) 
“*t?? values 4,8* ileal 13 eit 


* Statistically significant difference. 


*The author is grateful for the technical assistance 


of Mr. Andrés Gerardi and Mrs. Esperanza de Manz. 


CHANGES IN SERUM INORGANIC PHOSPHORUS 


SUM SVGls) ADE Changes in Serum Inorganic Phosphorus (mg/100 ml) after Glueagon in Dia- 
beties Classified According to Phosphorus Fall after Glucose. 


Averages and standard errors. 
——————— Oe eee ae 
————————————JJ===<_<<==—=_=_<_<=—_—>x=_——EE 


No. of Initial 
Group cases values 
Defective A P 19 3.08 + .14 
Normal A P 16 Me ae ley = 


““t?? values 1 


* Statistically significant difference. 


15’ 30’ 45° 60’ 
EU07 S63 07) pnd0 Bee 2is0 ae noe 
ee0e vain 08. RLS oe 230 ae. 14 
ifs eon 


l.4 off 


TABLE IV. Changes in Blood Sugar (mg/100 ml) after Glucagon in Diabeties Classified Ac- 
cording to Their Phosphorus Fall after Glucose. 


Averages and standard errors. 


; No. of Initial 

Group cases values 15 30’ 45’ 60’ 
Defective A P 19 DAD eRe Maoenls: (dg eon © eras Sean a Sedona 
Normal A P 16 137 + 14 +35 + 2 +54 + 3 +53 +4 +4245 
“t’? values 4.1* 5) 


* Statistically significant difference. 


The patients were classified according to their 
Delta P and were then administered glucagon 
solution in a fashion similar to the adminis- 
tration of glucose; 0.01 ml of glucagon solu- 
tion per kg body weight was given intraven- 
ously, without dilution, and an additional 15 
minute sample of blood was obtained. Ac- 
cording to specifications given by the manu- 
facturer, the glucagon solution which was used 
(lot 208-158B-214) contained 0.95 mg of pro- 
tein/ml, with 0.25% phenol, pH 3. Purity, 
as compared to crystalline glucagon was 
50%: 0.2 pg per kg injected intravenously 
to an anesthetised cat caused a maximum in- 
crease in blood sugar of 30-40 mg per 100 ml 
10 to 15 minutes after the injection. The con- 
tent of insulin was between 0.005 and 0.05 
U/ml of solution. The solution was gener- 
ously furnished by the Eli Lilly Co. 

Results. In Table I are shown the changes 
in serum inorganic phosphorus in the group of 
diabetics studied, divided according to the fall 
following glucose. 

In Table II may be seen the changes in 
blood sugar after glucose in both groups. 

There is no statistically significant differ- 
ence with respect to blood sugar rise following 
glucose between the two groups. The initial 
level was higher in the group with defective 
Delta P. 

Table III demonstrates serum inorganic 
phosphorus response to glucagon in the groups 


classified according to their Delta P after glu- 
cose. At 30 minutes, there is a statistically 
significant difference between the 2 groups, 
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CHANGES IN SERUM INORGANIC PHOSPHORUS 


glucagon. In Table IV the changes of blood 
sugar after glucagon in both groups are 
shown. The results are summarized in Fig. 
1 and 2. 

In Fig. 3 is shown the correlation be- 
tween maximal Delta P produced by glucagon 
and maximal Delta P determined by glucose. 
No definite correlation between the two sets 
of values appears to exist. 


Discussion. The serum inorganic phos- 
phorus fall after glucagon is in general agree- 
ment with that following glucose; the fall 
after glucagon is lesser in the abnormal Delta 
P group, particularly in the 30-minute sample, 
where the difference is statistically significant. 

The fact that glucagon is able to produce a 
serum inorganic phosphorus fall in the group 
where such a fall does not occur after glucose 
is interesting. It is not likely that this effect 
is due to insulin contamination, since each cc 
of the solution contains only between 0.05 
and 0.005 U/ml and the amount injected 
is 0.01 ml per kg. The phosphorus falls 
found with glucagon are comparable or 
greater than those found in diabetics after 0.1 
U of insulin per kg(7). It would then seem 
that glucagon has an action of its own upon 


“070 -0.80 -0.90 
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FIG, 3. Correlation graph betw een maximal serum inorganic phosphorus fall indueed by dex: 
trose and by glucagon. 


A'-9a FLUOROHYDROCORTISONE ACETATE 


serum inorganic phosphorus, independent 
from that determined by secondary insulin 
liberation. Speculatively, it may be thought 
that this effect depends upon the utilization of 
phosphate in the disintegration of glycogen 
by phosphorylase. 

Summary. The effect of intravenous glu- 
cose upon serum inorganic phosphorus was 
compared to that of glucagon in 35 diabetic 
patients taken at random. 

The subjects were classified in two groups 
according to their serum phosphate fall fol- 
lowing glucose. In a group of 19 patients, the 
phosphate fall after glucose was less than 0.30 
mg/100 ml, and in another group of 16 pa- 
tients, more than 0.30 mg/100 ml similar to 
that found in non-diabetic individuals. As a 
working hypothesis, it has been assumed that 
diabetics with a normal phosphate fall are 
producing insulin. It was found that the 
group with a normal phosphate fall after glu- 
cose showed a greater fall after glucagon than 
the group with defective phosphate fall. On 
the other hand, the group with defective or 
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absent phosphate fall after glucose also 
showed a very definite fall after glucagon. It 
would seem then that the latter substance ex- 
erts a direct effect upon serum inorganic phos- 
phate, independent of the reactive insulin se- 
cretion produced by the glucose load. This 
effect is possibly related to the activation of 
phosphorylase which acts in the process of 
disintegration of glycogen through the intro- 
duction of phosphate in the bonds existing be- 
tween the hexose molecules. 
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Anti-Inflammatory Activity of A!-9a-Fluorohydrocortisone Acetate. (21956) 


Wirtiam E. Duzin. (Introduced by M. H. Kuizenga.) 
From the Research Laboratories, The Upjohn Company, Kalamazoo, Mich, 


There have been many important advances 
in the use of steroids as a method of treatment 
of the inflammatory diseases during the past 
few years. Since the introduction of hydro- 
cortisone as one of the most efficacious treat- 
ments, it has been continually modified with 
the hopes of increasing its antiphlogistic activ- 
ity while diminishing its undesirable side ef- 
fects. It has been found that halogenation at 
the C-9 position greatly increases the glycogen 
deposition potency(1,2) and the anti-inflam- 
matory effects(3) but causes a relatively 
greater increase in mineralocorticoid activity 
(4,5,6). A second analogue of hydrocortisone, 
1-dehydrohydrocortisone, has been reported to 
possess greater antiarthritic properties in man 
(7) than the parent compound. It has also 
been shown that this compound is a more po- 


tent glucocorticoid in animals(8,9) and that 
this increase is not associated with an increase 
in mineralocorticoid potency (8). 

It was, therefore, of interest to study the 
effects of both of these modifications when in- 
troduced into the same molecule. Accord- 
ingly, the anti-inflammatory activity of A'- 
9a-fluorohydrocortisone acetate was compared 
with that of hydrocortisone. Data are also 
included showing the relative potencies of A'- 
hydrocortisone acetate, 9 a-fluorohydrocorti- 
sone acetate, and hydrocortisone for compara- 
tive purposes. 


Materials and methods. Animals. Male 
rats obtained from the Upjohn colony 
(Sprague-Dawley ancestry) were — used 
throughout these experiments. The body 


weights ranged from 150-170 g. All animals 
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were adrenalectomized and allowed free ac- 
cess to Archer dog pellets and 1% sodium 
chloride drink. They were housed in small 
wire cages with 4 animals per cage. Steroids. 
The steroids were injected subcutaneously as 
a suspension in a vehicle containing 0.5% 
carboxymethyl cellulose, 0.4% Tween 80, 
1.5% benzyl alcohol, and 0.9% sodium chlor- 
ide. The suspensions were made by grinding 
the crystalline steroids plus vehicle in a 
ground glass tissue homogenizer. The com- 
pounds* used were: (1) 11 8, 17 a, 21-trihy- 
droxy - 4 - pregnene - 3,20 - dione (hydrocorti- 
sone), (2) 9 a-fluoro-11 8, 17 a, 21-trihy- 
droxy-4-pregnene-3 ,20-dione, 21-acetate (9 a- 
fluorohydrocortisone acetate), (3) 11 8, 17 a, 
21-trihydroxy-1, 4-pregnadiene-3 ,20-dione, 21- 
acetate (Al-hydrocortisone acetate), and (4) 
9 a-fluoro-11 6, 17 a, 21-trihydroxy-1, 4- 
pregnadiene-3,20-dione, 21-acetate (A1-9 a- 
fluorohydrocortisone acetate). Anti-Inflam- 
matory Test. The test used was a modifica- 
tion of the cotton pellet test as described by 
Meyer, e¢ al.(11). It consisted essentially of 
implanting 2 nonsterile cotton dental pellets, 
weighing 6-8 mg, in the mid ventro-lateral 
subcutaneous connective tissue through a 
small incision in the skin which was closed by 
a metal wound clip. The implanting was done 
at the time of adrenalectomy while the ani- 
mals were under anesthesia. Anesthesia was 
accomplished by intraperitoneal injection of 
sodium pentobarbital at a dosage of 40 mg 
per kg. Seven days after implantation, the 
pellets, with their accumulated granulation 
tissue, were dissected out, dried at 60°C for 24 
hours, and weighed to the nearest 0.1 mg on a 
Roller-Smith Torsion balance. The original 
cotton weight was subtracted from the final 
value in order to get the net amount of granu- 
lation tissue. The injection of the compounds 
was begun at the time of implantation and 
continued through seven daily injections. The 
volume of each injection was 0.2 cc. The ani- 
mals were sacrificed approximately 24 hours 
following the last injection. The experiments 
were designed so that each steroid was tested 


* The compounds used in this study were kindly 
supphed by the Departments of Biochemistry and 
Chemistry, Research Division, The Upjohn Co. 
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at two dosage levels in parallel with hydrocor- 
tisone which was used as the standard. The 
potency ratios were calculated by the method 
of Irwin(10) and are expressed in terms of 
activity of hydrocortisone, which is assigned 
a value of 1. The data on A!-9 a-fluorohydro- 
cortisone acetate were pooled from 3 separate 
experiments and the data on A'-hydrocorti- 
sone acetate were pooled from 2 experiments. 


Results. The comparison of the antiphlo- 
gistic potency of A‘-hydrocortisone acetate, 
9 o-fluorohydrocortisone acetate, and A'-9 a- 
fluorohydrocortisone acetate with hydrocorti- 
sone is summarized in Table I. These data 
show that the potency ratio for A'-hydrocor- 
tisone acetate is 3.1, for 9 a-fluorohydrocorti- 
sone acetate 7.3, and for A!-9 a-fluorohydro- 
cortisone 14, whereas hydrocortisone is as- 
signed a value of 1. 


Discussion. It has been reported(7) that 
Al-hydrocortisone is 2 to 3 times as effective 
as hydrocortisone in the treatment of arthritis. 
Others(8,12) have found that it is 3.0 to 3.9 
times as active as hydrocortisone by the liver 
glycogen deposition test. The anti-inflamma- 
tory test, as described here, shows that A!- 
hydrocortisone acetate is 3.1 times as active 
as the parent compound. These results, there- 
fore, are in good agreement with the clinical 
data and results on glycogen deposition. 


The activity of 9 a-fluorohydrocortisone 
acetate has been found to be 12 times hydro- 
cortisone by the glycogen deposition test(12) 
and 13 times hydrocortisone acetate by an 
anti-inflammatory test similar to the one de- 
scribed in this paper(3). It is interesting to 
note that the data reported here show that 
this halogenated compound is 7.3 times as ac- 
tive as hydrocortisone. 


It is seen by examination of the data in 
Table I that A'-9 a-fluorohydrocortisone ace- 
tate is 14 times as effective as hydrocortisone. 
It was found by Stafford, et al.(12) that it 
was approximately 50 times as active as hy- 
drocortisone on glycogen deposition. There- 
fore, an apparent quantitative discrepancy ex- 
ists between the classical glucocorticoid ac- 
tivity and antiphlogistic effect. This could be 
due to at least two possible reasons: (1) gly- 
cogen deposition and anti-inflammatory ef- 


A'-9a FLUOROHYDROCORTISONE ACETATE 


ales 


TABLE I. Anti-Inflammatory Assays of Hydrocortisone, 9a4-Fluorohydrocortisone Acetate, A*Hydro- 
cortisone Acetate and A?-9a-Fluorohydrocortisone Aéetate. 
eens... SSS EEEE=_ SS 


Mean dry gran- 
P uloma wt (mg) Potency 
Treatment Dose No. rats + S8.E. (X hydrocortisone) 
CMC 0.2 ce 20 14414 077 
Hydrocortisone 200 ug 17 9.97 + .46 
1000 ” 16 6.57 + 34 1 
A’-9a-Fluorohydrocortisone acetate Os 20 9.9146 
50 ” 19 7.90 + .47 14 
CMC 0.2 e¢ 7 13.40 + .47 
Hydrocortisone 200 ue 7 9.80 41.25 
1000 ” 6 6.32 — .29 1 
9a-Fluorohydrocortisone acetate 25 ” if 10.744 34 
TA) 8 6.05 + .44 7.3 
CMC 0.2 ce 10 12.20 + .49 
Hydrocortisone 200 ue 8 10.10 + .65 
1000 ” 9 5.70 + .42 1 
A\*-Hydrocortisone acetate GORe 10 10.00 + .77 
300 ” 10 6.20 + .50 3.1 


fects are mediated through different mechan- 
isms, or (2) the nature of the tests are such 
that differenecs in physical properties of the 
compounds, such as solubilities, could affect 
the results of the two tests in a quantitatively 
different manner. 


The fact that At-9 a-fluorohydrocortisone 
acetate has an anti-inflammatory activity 
greater than the additive effects of A'-hydro- 
cortisone acetate and 9 a-fluorohydrocortisone 
acetate is of significance. The mechanism re- 
sponsible for the increase in activity produced 
by introducing two important chemical 
changes into the same molecule is not clear at 
present but is worthy of further investigation. 


Summary. A comparison of anti-inflamma- 
tory effects of hydrocortisone with several of 
its analogues has been made. It was found 
that A'-hydrocortisone acetate was 3.1 times 
as active as hydrocortisone; 9 a-fluorohydro- 
cortisone acetate was 7.3 times as active, while 
A1-9 a-fluorohydrocortisone acetate was 14 
times as effective as hydrocortisone, as deter- 
mined by the cotton pellet implantation 
method. 


The author wishes to acknowledge the technical 
assistance of P. L. Davis and R. E. Solomon. 
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Fluorescent Antibody and Complement-Fixation Tests of Agents Isolated 


In Tissue Culture from Measles Patients.* 
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Enders and Peebles(1) observed that hu- 
man or monkey kidney tissue cultures inocu- 
lated with specimens from measles patients 
undergo, after one or more passages, charac- 
teristic nuclear and other cytologic changes. 
Both infectious virus and specific comple- 
ment-fixation antigen appeared concurrently 
in the cultures and the cytopathogenic effect 
was neutralized by convalescent-phase measles 
serum. We have applied the fluorescent anti- 
body technic of Coons and his colleagues (2,3) 
to similar cultures and find that the results 
parallel those of complement-fixation tests 
and thus provide immunochemical support for 
the data of Enders and Peebles and in addi- 
tion evidence that measles antigen(s) are 
present in the nuclei as well as in the cyto- 
plasm of infected cells. 


Methods. Patients were selected for study 
during a mild outbreak of typical rubeola. 
Clinical diagnosis was aided in certain cases 
by recognition of giant cells of the Warthin- 
Finkeldey type in stained films of nasal dis- 
charge obtained early in illness, as described 
by Tompkins and Macaulay(4). Collection 
of specimens and preparation of tissue cul- 
tures. The procedures outlined by Enders and 
Peebles(1) were followed. Blood, throat 
swabs or washings, or nasal discharge were 
obtained before or within a day after the ap- 
pearance of the rash. When possible, speci- 
mens were inoculated into tissue cultures 


* This work was carried out under the sponsor- 
ship of the Commission on Viral Infections, Armed 
Forces Epidemiological Board, and was supported 
in part by the Office of the Surgeon General, De- 
partment of the Army. 

+ Present address: Department of Medical Micro- 
biology, University of S. California Medical School, 
Los Angeles. 

{ Present address: Department of Tropical Public 
Health, Harvard School of Public Health, Boston, 
Mass. 


within a few hours after their collection. Tis- 
sue cultures consisted of trypsinized monkey 
kidney cells grown in sheets(5). Tubes were 
inoculated with 0.2 or 0.3 ml of the prepared 
specimens, fed with nutrient fluid to bring the 
volume to 1.0 ml, and incubated as stationary 
slants at 36.5°C. Nutrient fluid consisted of 
beef amniotic fluid containing 5% inactivated 
horse serum and 5% beef embryo extract. 
The first passage contained 100 units of peni- 
cillin, 100 ng of streptomycin, and 50 peg of 
nystatin (fungicidin) (6); others, 50 units and 
50 and 10 yg, respectively. Transfers to fresh 
tubes were carried out at 14-day intervals 
with 0.2-ml amounts of pooled fluids taken 5, 
9, and 14 days after inoculation. Controls 
consisted of uninoculated cultures and of cul- 
tures passaged serially with fluids from unin- 
oculated tubes. Staining with fluorescein- 
labeled antibody. The monkey kidney cells 
were gently scraped from the tube walls, or 
sedimented by centrifugation of the tissue cul- 
ture fluid, washed with NaCl buffered at pH 
7.6(7), sedimented, and spread on slides. The 
films were dried in air and fixed with acetone. 
They were often stored at 4°-6°C for from 1 
to 3 days before staining by the indirect meth- 
od of Weller and Coons(3). The test serum 
diluted 1:20 was acute- or convalescent-phase 
measles or heterologous human serum. Fluor- 
escent antibody was prepared from antihuman 
gamma globulin horse serum generously sup- 
plied by Dr. David Gitlin, Children’s Medical 
Center, Boston. The pseudoglobulin fraction 
was conjugated with fluorescein isocyanate, 
dialyzed, and stored at —20°C. Before use it 
was absorbed with mouse liver powder to re- 
move nonspecific staining(2), then diluted 
1:10. Prior to staining with the fluorescent 
antibody solution, films of uninoculated and 
inoculated preparations were treated, one of 
each with acute-, the other with convalescent- 
phase measles serum, to control the staining 
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technics. The equipment used for fluorescence 
microscopy has been described by Buckley, 
Whitney, and Rapp(8). Complement-fixation 
antigens consisted of the fluid phase from tis- 
sue cultures in tubes or in 200-ml square bot- 
tles. For the latter, 1-ml amounts of inocu- 
lum and 7 ml of nutrient fluid were used. Me- 
dium 703(9) with or without 5% inactivated 
horse serum was substituted for Enders’ me- 
dium(1) in some lots with satisfactory results. 
The fluids were centrifuged at about 2500 r. 
p.m. for 15 minutes and inactivated at 56°C 
for 30 minutes. Complement-fixation tests 
were made with three 50% units of comple- 
ment. Fixation was at 4°C for 24 hours. For 
serum titrations, 2-fold dilutions were tested 
against a previously determined optimum 
dilution of antigen. Titers were the calculated 
number of 50% units of complement fixed by 
undiluted serum. 

Results. Transmissible agents, presumably 
viruses, were isolated from both blood and a 
throat swab of one patient, and from nasal 
discharge and a throat swab, respectively, of 
2 others whose blood was not obtained. The 
throat swab specimens had been stored in a 
dry ice chest for 7 days. No agents were de- 


tected in specimens from 5 additional cases. ' 


Inocula from 3 of the latter had been stored 
at 4°-6°C for 2 days before culture; tests of 
inocula from the other 2 were discontinued 
after 3 apparently negative serial passages. 
These circumstances may have contributed to 
our failure to isolate agents. 

Enders and Peebles(1) and Rustigian e¢ al. 
(10) encountered latent virus-like agents that 
induce marked vacuolization and syncytial 
masses in monkey kidney tissue cultures. The 
cellular degeneration characteristic of these 
“monkey-kidney agents” frequently appeared 
in our cultures, both in those inoculated with 
specimens from measles patients and in con- 
trols; hence cytologic criteria for recognition 
of measles agents were difficult to apply. In 
some tissue culture series the ““monkey-kidney 
agents” destroyed the cell sheets in 10 to 14 
days. We therefore relied on tests for the 
presence of measles antigen to identify the 3 
agents cultivated from measles inocula. 

The reactivity of the measles agents in 
both fluorescent antibody and complement- 
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fixation tests seemed to be specific. Cells from 
control monkey kidney cultures, some with 
extensive “foamy” areas and multinucleated 
cells, did not exhibit fluorescence nor did con- 
trol tissue culture fluids fix complement with 
either acute- or convalescent-phase sera from 
measles cases. Cells infected with measles 
agents, however, were brightly fluorescent 
with the 3 measles convalescent-phase sera 
tested but not with 3 acute-phase sera or with 
human antisera to herpes simplex, influenza 
Types A and B, or mumps viruses. The pro- 
portion of brightly and specifically fluorescent 
cells increased as serial passages continued. 
After 4 passages, many of the cells apparently 
contained measles antigen. One of the strains 
has been carried through 7 passages. 


In tests of infected cells, fluorescence was 
observed in some cultures as early as the 5th 
day of incubation (Table I). Earlier tests 
were not made. Between the 5th and 10th 
day, fluorescence, when present, was usually 
confined to the cytoplasm. After about 2 
weeks, however, bright yellow-green fluores- 
cent intranuclear masses were frequently seen 
in fluorescent cells, very rarely in non-fluores- 
cent cells (Fig. 1-3). The masses were sur- 
rounded by an unstained dark nuclear zone. 
Attempts to correlate the appearance of spe- 
cific fluorescent masses in the nuclei with the: 


FIG. 1. Monkey kidney cells 14 days after infec- 
tion with measles agent No. 5584. Indirect fluores- 
cent antibody stain . with convalescent-phase 
measles serum. The lighter areas,are those show- 
ing specific yellow-green fluorescence. 400. 
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FIG. 2. Monkey kidney cells 13 days after infection with measles 
as Fig. 1. 


intranuclear inclusions described by Enders 
and Peebles are in progress. 

In direct comparisons between development 
of specific fluorescence and of complement- 
fixation antigen, the fluorescent antibody pro- 
cedure seemed the more sensitive of the two 
methods, since it detected antigen earlier in 
the course of incubation than did the comple- 
ment-fixation test (Table I). This difference 
may have been due to the fact that fluorescent 


FIG. 3. Control for Fig. 2; same cells stained with 
acute-phase measles serum. 700. 


agent No. 5585. Stain same 
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antibody tests were done on cell spreads, 
whereas complement-fixation antigens were 
made from centrifuged fluids. The fluid anti- 
gens were relatively weak; they rarely were 
active when diluted more than twofold. The 
antigen titer of one fluid taken 25 days after 
inoculation was considerably increased by ad- 
dition of an extract of cells from the same cul- 
tures. The cells were frozen and thawed for 
6 cycles in NaCl solution buffered at pH 7.6; 
the supernate was the extract. 


Only 3 pairs of acute- and convalescent- 
phase sera could be obtained from measles 
patients. The complement-fixation titer of 
each acute-phase serum was <4; those of the 
convalescent-phase specimens were 40, 64, 
and 200. In tests with 21 sera from 13 cases 
of measles the distribution of titers agrees 
with that found by Enders(11) (Table II). 
Among the 26 heterologous sera tested were 
convalescent-phase sera from cases of virus 
infection such as herpes simplex, influenza, 
and mumps, and unclassified sera received 
for routine tests for evidence of virus or rick- 
ettsial infections. Twenty-three gave rela- 
tively low complement-fixation titers. 


Discussion. Demonstration that tissue cul- 
tures inoculated with specimens from measles 
patients produce antigens that react spe- 
cifically with convalescent-phase measles sera 
substantiates the findings of Enders and 
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TABLE I. Correlation of Results of Fluorescent Antibody Tests with 


bal 


Appearance of Comple- 


ment-Fixation Antigen in Monkey Kidney Tissue Cultures Infected-with Measles Agents. 
zal ea a Ee I A 


Tissue culture 


Passage Day post- 
Strain level inoculation 

5582, 5583 t (blood, ay 3 “s 7 yas a 
throat swab ) 4 9 
14 
5 9 
14 
5584 (throat swab) 3 4 
9 
14 
4 10 
14 
18 
21 
5 14 
6 5 
10 
14 
25 
5585 (nasal discharge) 1 14 
2 14 
3 14 
4 3 
5 5 
10 
14 


}luorescent antibody results 


with 
Acute-phase Convalescent- 
serum phase serum* CF titer* 

0 + 300 
0 + NT 
0 + 211 
0 + IND 
0 ae 179 
NT NT <4 
NT NT >64 
0 ae 303 
NT NT <8 

0 ae < 
NT NT <8 
0 + Halle; 
0 ak <4 
0 He <4 
0 0 97 
0 + 55 
0 = 221 
0 +t NT 
0 af NT 
0, a NG 
ot ae NT 
0 ae <4 
0 0 <4 
als Ke 
0 + 195 


CF = complement-fixation. NT = not tested. 
Green-yellow fluorescence due to labeled antibody was graded as follows: 


faint or rare cell bright, + = bright. 


0= NORC wa = 


* Convalescent-phase serum 55291 used for both procedures. 
t Combined blood (5582) and throat swab (5583) isolates from the same patient. 


t Serum 5586 used in this test. 


Peebles(1). We did not repeat their filtration 
experiments, but were unable to recover fungi, 
or bacteria including pleuropneumonia-like 
organisms and leptospira from infected tissue 
cultures and presume, therefore, that the an- 
tigens that produced specific reactions in 
fluorescent antibody and complement-fixation 
tests were derived from measles virus. On the 
whole, antigen in infected tissue cultures was 
detected earlier by the fluorescent antibody: 
method than by complement-fixation tests. 
Preliminary data suggest, however, that the 
latter are of value in differential diagnosis of 
exanthemata and encephalitides of unknown 
origin. 

The intranuclear fluorescence that appeared 
after prolonged incubation of infected cultures 
looks like that observed by Leduc, Coons, and 
Connolly(12). They made indirect fluores- 


cent antibody stains of sections of lymph 
nodes from rabbits immunized with diphtheria 
toxoid and found spots of antibody within nu- 
clear shadows that closely resemble the intra- 
nuclear measles antigen we noted (cf. their 
Fig. 4 and 5, our Fig. 1 and 2). Whether the 
intranuclear measles antigen is associated with 
inclusion bodies demonstrable by Giemsa or 
other stains(1) is still to be determined. One 
of us has recently observed that poliomyelitis 
virus antigen appears later in the nuclei than 
in the cytoplasm of monkey kidney cells un- 
der circumstances quite similar to those in the 
present study(13). 

Summary. Agents isolated in monkey kid- 
ney tissue cultures from 3 cases of measles 
were identified by immunologic tests with con- 
valescent-phase measles serum. Measles anti- 
gen was detected in infected cells by the in- 
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TABLE II. Complement-Fixation Titers of Sera 
with Measles Agent Tissue Fluid Antigens. 


Sera from eases of measles 


Titer Days after onset t Heterologous 
range* <5 Shs) sera 

<4 fi 0 7 

5d- 25 J it 1] 

26- 50 0) 1 5) 
51-100 | 3 2 
101-200 1 1 
>200 4t 


* TMters = Number of 50% units of complement 
fixed. 

+ Exaet date of onset unknown in some cases ; 
may refer to earliest symptoms or appearance of 
rash, 

¢t Three additional sera from one patient taken 
3 to 44%4 months after onset fell in this group. 


direct fluorescein-labeled antibody technic be- 
fore specific complement-fixation antigen ap- 
peared in the fluid phase. Specific fluores- 
cence due to the presence of measles antigen 
was noted in the nuclei as well as in the cyto- 
plasm of some cells from infected cultures. 
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1 - (Diethylaminoethylamino) - 4 - methyl- 
thiaxanthone, Miracil D, was the first non- 
antimonial compound found to be of value for 
the oral treatment of schistosomiasis(1). In 
later studies, however, Miracil D proved to be 
toxic to man at therapeutic dosage levels(2,3). 
Other compounds which have been used with 
varying degrees of success in the oral treat- 
ment of schistosomiasis in man or experi- 
mental animals include antimony potassium 
tartrate, tartar emetic(4); sodium antimony 
IIT bis-pyrocatechol-2,4-disulfonate, Fuadin 
(5); various thioantimonials(6); and some 
symmetrical diaminodiphenoxyalkanes(7). 


During the course of screening compounds in 
this laboratory, it was found that the anti- 
mony trichloride complexes of oxytetracy- 
cline, Terramycin; of chlortetracycline, Aureo- 
mycin; and of tetracycline were schistosoma- 
cidal in white mice. The present report in- 
cludes a comparison of the oral activities of 
these complexes and of other antimony com- 
pounds. 

Materials and methods. Samples of the 3 
complexes were synthesized by Dr. Philip N. 
Gordon and were submitted for evaluation by 
Chas. Pfizer & Co., Inc. The dithiastibiole 
compound mentioned below was supplied 
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TABLE I. Toxicity and Activity of Antimony Compounds. 
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-—~—Acute oral LD;.——, 


-—— Treatment results——\, 
% reduction of 
Sb worms by 10 


Drug equivalent oral doses total- 
Compound (ng/kg) (mg/kg) No. mice ing 350mg Sb/kg 
Terramycin antimony trichloride 1450 174 35 53.5 
Aureomycin antimony trichloride 1550 248 35 83.6 
Tetracycline antimony trichloride 1110 187 24 91.0 
Fuadin >1200 >162 15 0 
Tartar emetic 540 198 18 94.3 
Antimony trichloride 510 272 14 81.2 
4,5-Dihydro-2-hydroxy-4-methylol- > 1575 > 7132 9 0 


1,3,2-dithiastibiole 


through the courtesy of Abbott Laboratories. 
The drugs were given orally to white Swiss 
mice. In addition, the complexes were tested 
by the subcutaneous and _ intraperitoneal 
routes. After the compounds were found to 
be schistosomacidal by the preliminary meth- 
od of screening described by Luttermoser(8), 
further evaluation of their activities was car- 
ried out as follows. Commencing on the 35th 
day after exposure to about 300 Schistosoma 
mansoni cercariae, mice in groups of 5 or 6 
each were treated orally twice daily with the 
same dose of antimony in the form of one of 
the different compounds for a period of 5 
days. Two to 3 weeks after treatment, the 
animals were killed and the schistosomes liv- 
ing in the portal system were perfused out by 
the technic of Yolles e¢ al.(9) and counted. 
Small pieces (1 cm*) of the livers of the 
treated mice were pressed between glass slides 
and examined for dead worms trapped in le- 
sions. Unless dead worms were found, no re- 
duction in worm infection was claimed. The 
worms living in the untreated mice were like- 
wise isolated and counted by the same pro- 
cedure. The percentage of worms remaining 
alive in the treated groups was inferred from 
the total number of living worms recovered 
from the treated mice relative to the number 
obtained from the untreated mice. From 
these data the percentage reduction in infec- 
tion resulting from treatment was calculated. 
The LD; values were determined on mice by 
the method of Litchfield and Wilcoxon(10). 
Results. Table I summarizes the data on 
the activity and toxicity of the various com- 
pounds. The minimum oral dose of the Terra- 
mycin antimony trichloride complex which 


cleared the mice of more than one-half of their 
parasites was about 300 mg/kg (equivalent to 
about 35 mg antimony/kg) of body weight, 
while the oral LD; of this compound for un- 
infected mice was about 1450 mg/kg(11). 
Fuadin, one of the drugs of reference, was not 
schistosomacidal at oral doses as high as 425 
mg/kg. The curative results obtained with 
the first complex given orally at a level equiv- 
alent to 35 mg antimony/kg twice daily for 5 
days were compared with those obtained by 
giving the same oral dose of antimony in the 
form of tartar emetic, antimony trichloride, 
and 4,5-dihydro-2-hydroxy-4-methylol-1, 3, 2- 
dithiastibiole. The Terramycin complex was 
more active than the last-named compound, 
which was reported by Schubert(6) to be 
among the most active schistosomacidal com- 
pounds when fed to mice at higher levels than 
used in this study. In comparison with tartar 
emetic and with antimony trichloride, the Ter- 
ramycin antimony complex demonstrated no 
advantage in activity at this dosage. When 
Terramycin and antimony trichloride in quan- 
tities equivalent to the dosage of the complex 
were given separately but one following the 
other, reduction of live parasites equal to that 
obtained by administration of the Terramycin 
antimony complex was observed. Oral regi- 
mens of Terramycin, Aureomycin, or tetra- 
cycline alone were not schistosomacidal at oral 
doses comparable to the amount of these anti- 
biotics in the complexes. Preliminary com- 
parison of the activities and toxicities of the 
Terramycin antimony complex with the Aur- 
eomycin and tetracycline complexes (Table 
I) indicates that the last 2 are more active 
than the first but have similar toxicities. 
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Thus the apparent therapeutic advantage of 
the Aureomycin antimony complex or the 
tetracycline antimony complex over the Ter- 
ramycin antimony complex is questionable. 
The 3 antibiotic antimony complexes were ac- 
tive following subcutaneous or intraperitoneal 
injection, but were toxic at doses of 50 mg/kg 
and higher. 

Discussion. It appears probable that the 
schistosomacidal activity and toxicity of the 3 
antibiotic complexes result almost entirely 
from their antimony content, and that varia- 
tions in the efficacy of these compounds com- 
pared with the other antimony-containing 
preparations mentioned arise from differences 
in solubility, absorption, and dissociation. 
Such variations in activity further emphasize 
the need for additional investigation of or- 
ganic antimonial compounds which are schis- 
tosomacidal upon oral administration. 

Summary. The antimony trichloride com- 


plexes of Terramycin, Aureomycin, and tetra- 
cycline were active orally against S. mansoni 
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infections in white Swiss mice. These com- 
pounds were no more active than tartar emetic 
or antimony trichloride. 


seth Mauss, H., 
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There is lack of agreement on the fate and 
excretion of pentylenetetrazol (Metrazol) in 
laboratory animals and man. On the basis of 
data obtained by chemical procedures, Tatum 
and Kozelka(1) concluded that Metrazol is 
detoxified by the liver in dogs and man. 
whereas Esser and Kuehn(2) reported that 
the major portion of the drug is excreted by 
the kidney in man. Recent studies in our lab- 
oratory(3) with radioactive Metrazol indicate 
that most of a given dose of the drug in rats 
is excreted by the kidney in an altered form. 
On the basis of data obtained by biological 


* This investigation was supported by a grant 
from the National Institute of Neurological Diseases 
and Blindness, National Institutes of Health, Public 
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procedures, Dille and Seeberg(4) concluded 
that Metrazol is degraded by the liver in cats, 
whereas Voss(5) reported that the drug is 
largely excreted by the kidney in rats. In 
view of these conflicting reports, it was 
thought important to make a systematic study 
of the effect of liver damage and of nephrec- 
tomy on the convulsant activity of this agent. 
It was anticipated that such a study would 
contribute information on the relative role of 
the liver and the kidney in the detoxification 
and excretion of Metrazol. The results ob- 
tained provide the basis for this report. 


Methods. Adult male albino mice obtained 
from the Carworth Farms (CF #1) and adult 
male albino rats obtained from the Holtzman- 
Rolfsmeyer Farms were used as experimental 
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animals. They were maintained on Purina 
Laboratory Chow and allowed free access to 
food and water except during the actual ex- 
perimental procedure. The convulsant po- 
tency of intravenously administered Metra- 
zolt was determined in control, liver-damaged, 
and nephrectomized mice; the convulsant po- 
tency of subcutaneously administered Metra- 
zol was determined in control. liver-damaged, 
nephrectomized, and sham-operated mice and 
rats. In the determination of the convulsant 
potency, groups of at least 8 animals were 
given various doses of the drug until at least 
3 points were established between the dose re- 
quired to convulse 16% of animals and that to 
convulse 84% of animals. The results ob- 
tained were then plotted on logarithmic proba- 
bility paper and a regression line visually 
fitted to the plotted points. From this plot of 
the data, the dose of Metrazol which was con- 
vulsant to 50% of animals (CD;,) was deter- 
mined and the 95% confidence limits were 
calculated by the method of Litchtield and 
Wilcoxon(6). Intravenously, the drug (0.5% 
aqueous solution) was injected rapidly into 
the dorsal tail vein of the mouse: the endpoint 
employed was either a minimal seizure (any 
overt clonic activity which persisted for at 
least 5 seconds), or a full maximal seizure as 
indicated by the presence of the hindleg tonic 
extensor component(7). Subcutaneously, the 
drug (0.5% aqueous solution in mice, 5.0% 
in rats) was injected into a loose fold of skin 
over the neck; the endpoint employed was the 
occurrence of a minimal seizure, as described 
above, within one hour after the injection. 
Liver damage in mice was produced by a 
modification of the method of Stowell and Lee 
(8), z.e., by the oral administration of 4 ml/kg 
of a 40% (w/v) solution of carbon tetra- 
chloride (CCl) in olive oil. Maximum he- 
patic damage occurs about 100 hours after 
such administration and therefore Metrazol 
was tested at this time. Liver damage in rats 
was induced by a single subcutaneous injec- 
tion of 2 ml/kg of a 50% solution (w/v) of 
CCl, in peanut oil. Histological studies of 
livers taken from rats treated in this manner 


+ Kindly supplied by Dr. C. L. Moench, Bilhuber- 
Knoll. Corp. 
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TABLE I. Effeets of Liver Damage and of Neph- 

reetomy in Mice on Convulsant Potency of Intra- 

venously Administered Pentylenetetrazol (Metra- 
zol). 


Convulsant potency (CD-,), 
mg/kg (intrav.) 


Exp. procedure Max seizures Min seizures 


Control 29.0 21.0 
(27.1-31.0) (19.3-22.9) 
Liver damage 29.0 19.5 
(26.8-31.4) (17.4-21.8) 
Nephrectomy 28.5 24.5 
(27.0-30.1) (22.7-26.5) 
Values in parentheses represent 95% confidence 
limits. 


have shown that maximum central and mid- 
zonal necrosis occurred approximately 48 
hours after the injection of CCl,; accordingly. 
Metrazol was tested at this time. Bilateral 
nephrectomy was performed in both species 
by the retroperitoneal approach while the ani- 
mals were under light ether anesthesia. In or- 
der to keep the effect of accumulated meta- 
bolic products relatively constant, Metrazol 
was tested 6 and 12 hours after nephrectomy 
in mice and rats, respectively. Sham opera- 
tion was performed by the same technic as for 
nephrectomy, except that the kidneys were 
not disturbed. 


Results. The effects of liver damage and 
of nephrectomy in mice on the convulsant po- 
tency of intravenously administered penty- 
lenetetrazol (Metrazol) are shown in Table J. 
The CDs s for intravenous Metrazol for maxi- 
mal seizures determined in liver-damaged mice 
and nephrectomized mice were not signifi- 
cantly different from the CD;, determined in 
control animals. On the other hand, the CD;» 
for intravenous Metrazol for minimal seizures. 
a more sensitive test, tended to be lower in 
liver-damaged mice and higher in nephrecto- 
mized mice. In view of these observations, it 
was decided to determine the CD; of Metra- 
zol administered by a route which would pro- 
vide a longer time interval before the onset of 
convulsions than that provided by the intra- 
venous route. It was anticipated that the 
longer sojourn of Metrazol in the body would 
induce more marked differences in the CD;9s 
determined in liver-damaged and nephrecto- 
mized animals, and thus delineate the relative 


126 POTENCY OF METRAZOL 


TABLE 11. Effect of Liver Damage and of Neph- 

rectomy in Mice and Rats on Convulsant Potency 

of Subeutaneously Administered Pentylenetetrazol 
(Metrazol). 


Conyulsive potency (CDs), 
mg/kg 


s.c. route—min seizures 


xp. procedure 


Contro] 
Liver damage 
Nephrectomy 


Sham operation 


46.5 
(43.3-50.0) 

66.0 
(59.5-73. 


65.0 


3) 


Mice 


Rats 
47.0 
(43.9-50.3) 
39.5 
(36.4-42.9) 


45.5 
(41.9-49.6) 


42.0 


(59.6-70.9) (38.7-45.6) 


Values in parentheses represent 95% confidence 
limits. 


importance of these organs in the fate and ex- 
cretion of the drug. Accordingly, Metrazol 
was injected subcutaneously in mice and rats 
and the CD;» for minimal seizures determined. 
The results obtained are summarized in Table 
Il. The CD; s for subcutaneous Metrazol are 
significantly lower in liver-damaged mice 
(21%) and rats (18%) than the control 
CDso0s. In sharp contrast, the CDs9s for sub- 
cutaneous Metrazol in nephrectomized mice 
and rats were not significantly different from 
the CDs 9s in control or sham-operated ani- 
mals. These data suggest that the liver plays 
the major role in the metabolic degradation of 
Metrazol in both species. 


Discussion. The fact that CCl,-induced 
liver damage and nephrectomy in mice had no 
significant effect on the intravenous CDs 9 of 
Metrazol is easily explained. The rapid intra- 
venous injection of Metrazol elicits seizures 
so quickly that the organs concerned with the 
detoxification and excretion of this drug have 
only seconds in which to exert an effect. 
Hence, any influence which the liver or the 
kidney may exert is largely circumvented. 

Liver damage lowered the CDs,» for subcu- 
taneously administered Metrazol by 21% in 
mice and 18% in rats. This suggests that the 
liver is important for the degradation of this 
drug. Additional evidence in support of this 
conclusion is the fact that fatalities after 
Metrazol were more frequent in liver-damaged 
than in normal mice. For example, in the 
dose range of 40 to 47 mg/kg, subcutaneous 


Metrazol was fatal to 37.5% of liver-damaged 
mice, whereas all normal mice survived the 
drug even in the higher range of 50 to 66 mg/ 
kg. These observations are in agreement with 
the evidence that Metrazol is converted into 
an inactive product and that the site of this 
conversion is the liver(9). 

Since there was no significant difference in 
the CDs s of subcutaneously administered 
Metrazol determined in control, nephrecto- 
mized, and sham-operated mice and rats, it 
would appear that, within the time interval 
required to absorb the drug after subcutane- 
ous injection, no appreciable amount of Met- 
razol is excreted by the kidney. This inter- 
pretation is in agreement with the observation 
of Esplin et al.(3) that less than 1% of in- 
travenously administered radioactive (C1) 
Metrazol is excreted by the rat kidney as an 
inactive product during the first 30 minutes, 
and that a total of 75% is excreted in an in- 
active form over a 48-hour period. Thus, the 
kidney appears to play a relatively minor role 
in the excretion of Metrazol or of an active 
conversion product. 

Summary. The convulsant potency of in- 
travenously administered Metrazol for maxi- 
mal and minimal seizures was determined in 
control, liver-damaged, and nephrectomized 
mice. In addition, the convulsant potency 
of subcutaneously administered Metrazol for 
minimal seizures was determined in control. 
liver-damaged, nephrectomized, and sham-op- 
erated mice and rats. The results obtained 
were analyzed to determine the relative im- 
portance of the liver and the kidney in the 
fate and excretion of the drug. Neither liver 
damage nor nephrectomy had any significant 
effect on the potency of intravenously admin- 
istered Metrazol for maximal or minimal seiz- 
ures. Liver damage significantly increased 
the potency of subcutaneously administered 
Metrazol for minimal seizures; on the other 
hand, bilateral nephrectomy and sham opera- 
tion had no significant effect on the potency 
of this drug. The data indicate that, in both 
mice and rats, the liver is the principal organ 
for the conversion of Metrazol into products 
devoid of convulsant activity, and that, 
within the time required for the complete 
absorption of subcutaneously injected Metra- 
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zol, the kidney plays no important role in the 
metabolic alteration or excretion of this com- 
pound. 
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During the past decade, several biological 
methods for assay of compounds exhibiting 
glucocorticoid activity have been established. 
These technics have been applied to the as- 
say of urine extracts to measure excretion lev- 
els of adrenal cortical hormone by the human. 
The methods of Reinecke and Kendall(1), 
Olson, Jacobs, Richert, Thayer, Kopp, and 
Wade(2), and Pabst, Sheppard, and Kuizenga 
(3), are based on capacity of glucocorticoids 
to deposit glycogen in livers of adrenalecto- 
mized rats after glycogen stores have been de- 
pleted by fasting. These methods use male 
rats weighing 140 to 180 g and injections of 
test material are made at regular intervals 
throughout the assay. The methods are rea- 
sonably specific for assay of glucocorticoids 
and reproducible with a fairly high degree of 
precision. The disadvantage of the methods 
lies in their comparative lack of sensitivity. 
Lack of sensitivity was apparently overcome 
by using the mouse as assay animal. The 
method of Venning, Kazmin, and Bell(4) 
measures deposition of glycogen in depleted 
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livers of fasting adrenalectomized mice, while 
those of Eggleston, Johnston and Dobriner 
(5), and of Dorfman, Ross and Shipley (6) 
measure capacity of adrenal corticoids to pre- 
vent loss of hepatic glycogen during fasting. 
Our experience with the method of Venning, 
Kazmin and Bell demonstrated the assay to 
be unreliable with strains of mice available to 
us. Nissim(7), who conducted a critical 
study of various methods, believes that pre- 
cision obtained by Venning ef al. is dependent 
upon selection and careful control of a par- 
ticularly suitable strain of mice bred in their 
own laboratories. 

Existing methods were not suitable for our 
needs. The methods using young adult rats 
were not sensitive enough for assay of urine 
extracts, and uneconomical from the stand- 
point of animal cost and amount of test ma- 
terial necessary for assay. ‘The mouse meth- 
ods offered economy both in animals and test 
materials, but the strains of mice generally 
available did not lend precision to the assay. 
It therefore became desirable to develop a 
method based on satisfactory features of other 
methods. The method we devised is presented 
in this communication. 

Materials and methods. The animals were 
21-day-old male rats of the Holtzman strain 
weighing 50 to 55 g. These animals were 
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placed in a cage, given Rockland Rat Diet and 
tap water ad libitum, to become accustomed 
to laboratory conditions for a period of 2 
days. After this the animals were bilaterally 
adrenalectomized and returned to the cage. 
Animals had access to a solution of 5% cere- 
lose in 0.9% NaCl as drinking water until the 
following morning, then the solution was re- 
placed with one containing 0.9% NaCl only. 
A good supply of food was available at all 
times until the evening of the second post- 
operative day. The animals were then de- 
prived of food. On the morning of the third 
post-operative day, saline drinking solution 
was removed, the test compounds injected 
subcutaneously, and each animal placed in an 
individual quart Mason jar containing about 
2 inches of sawdust. The jars were covered 
with sealer rings fitted with hardware cloth 
mesh. It is extremely important that rats be 
isolated from one another at this point. Oc- 
casionally an animal of the control group, or 
one given an inactive preparation, becames 
hypoglycemic and subject to convulsions. Such 
animals tend to fight with other rats if they 
are caged together. Test materials were ad- 
ministered in 0.1 cc of corn oil per rat. Cor- 
tisone was first dissolved in acetone, an ali- 
quot then transferred to corn oil so that the 
desired dosage was contained in 0.1 cc, and 
acetone evaporated by vacuum. Six hours 
after injection of test material, the animals 
were individually weighed, sacrificed by cervi- 
cal dislocation, the entire liver quickly re- 
moved and transferred to a hot 30% solution 
of KOH for digestion. A 50 cc pyrex, round- 
bottom centrifuge tube containing 10 cc of 
KOH solution proved to be very satisfac- 
tory. Small funnels were placed in top of the 
tubes to serve as condensers and the tubes 
heated in boiling water bath just previous to 
autopsy. Digestion process was complete in 
30 or 40 minutes, after which the glycogen 
was precipitated by adding absolute ethyl al- 
cohol (about 1.2 times the volume of the di- 
gest) while the digests were still hot. The di- 
gests were then brought to a boil, cooled in a 
cold water bath, again brought to a boil and 
re-cooled as suggested by Pabst, Sheppard 
and Kuizenga(3). The KOH-liver digests 
were placed in refrigerator for at least 2 hours 
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to insure more complete precipitation and co- 
agulation of the glycogen. If necessary, the 
liver digests may be refrigerated over night. 
After this, the samples were centrifuged at 
2500 rpm for 10 minutes, the supernatant de- 
canted and discarded, and the tubes inverted 
on absorbent paper and allowed to drain. The 
precipitated glycogen was then washed with a 
small amount of absolute alcohol, centrifuged, 
and again allowed to drain. Glycogen was 
hydrolyzed by adding 6 cc of 0.6N HCl and 
placing the tubes in an autoclave at 15 Ib 
pressure for 20 minutes. After cooling to 
room temperature the hydrolysates were neu- 
tralized with 10% NaOH using Phenol Red 
as an indicator. The solutions were centri- 
fuged, and glucose determined by the method 
of Reinecke(8). The values obtained were 
then expressed as glucose per 100 g body 
weight per rat. 

Results. Determination of time for au- 
topsy. In the initial phases it was important 
to determine the most favorable time at which 
animals should be sacrificed after injection of 
cortisone, which was to be employed as the 
standard. Groups of animals were killed at 
2, 4, 6, 8 and 10 hours after injection and 
amount of liver glycogen deposited was deter- 
mined. The cortisone in this experiment was 
100 yg, a dose which preliminary study indi- 
cated would give a good response and yet be 
somewhat less than maximal. The results of 
this study are shown in Table I. During the 
first 2-hour period after injection of cortisone 
there was no indication of glycogen deposition 
over and above the level found in oil-treated 
control animals. At 4 hours the animals had 
deposited a highly significant amount of gly- 


TABLE I. Amount of Liver Glycogen Deposited 
at 2-Hr Intervals after 100 yg Cortisone Injection. 


Nilo oe 
Glycogen, 


Interval, No. avg + S.E., Increase, 
lir animals mg mg orbs 
0 
2 ii 66+ .046 
4 9 10.14 + .58 9.473 14.013t 
6 8 20.25 +1.52 10.11 6.46 +t 
8 9 29.02 +1.46 8.77 4.16 + 
10 7 22.76 5.25 —6.26 
Oil controls 6 68 + .074 
at 6 hr 


“ Glycogen expressed as glucose/100 g body wt. 
1 P===0/01 
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TABLE II. Glycogen Deposition in Response to 
Various Doses of Cortisone. 


Dose 
cortisone, No. Glycogen, mg 
ug animals) WAWou SHS Ch= 9G) 9S t22 
0 25 68 074 54 
10 12 2.52 3829 45 7.99} 
30 13 9.69 925 34 Teds 
50 17 eves Oe 32 2.19% 
100 18 22.64 1.07 20 4.9 t 
200 18 28.67 2.24 33 2.43f 
300 19 39.385 1.74 19 3.754 


* Coefficient of variation; expresses stand. dey. 
as % of mean response. Ayg ‘‘C’? for all cortisone 
doses is 30.5%. 


el <@ (5: 

oe Sec Mihs, 

Glycogen expressed as mg glucose/100 g@ body 
wt. 
cogen. Expressed as mg glucose/100 g rat 


weight, a level of 10.14 mg was found. At 6 
hours and again at 8 hours post-injection, 
highly significant increases in liver glycogen 
were noted. During the 2-hour period from 
6 to 8 hours, deposition of glycogen was some- 
what less than that observed during the pre- 
ceding 2-hour period, and at 10 hours post- 
injection, the peak glycogen deposition in re- 
sponse to a single injection of cortisone had 
been passed and glycogen was again being 
mobilized. It was then decided that 6 hours 
post-injection was the optimum time for sac- 
rificing the animals. During the period be- 
tween 2 and 8 hours post-injection, the de- 
position of liver glycogen progressed as a lin- 
ear function of time. After 8 hours the con- 
centration of glycogen in the liver decreased. 
It was considered preferable to select a time 
during which glycogen was being deposited at 
a steady rate and before the peak was reached. 


Development of a dose-response curve. 
Cortisone was emploved as the standard hor- 
mone in development of the assay method, 
and the data in Table II show that a satisfac- 
tory dose-response relationship exists over a 
relatively large range of doses. Highly sig- 
nificant differences in glycogen deposition 
were obtained with 20 yg increments in dosage 
of cortisone in the lower dosage range. A 
measurable and highly significant response 
was obtained with as little as 10 pg of corti- 
sone. These results indicate that the assay is 
much more sensitive than any of the existing 


129 


methods utilizing the 140 to 180 g rat. In the 
method suggested by Pabst, et al., a dose of 
350 pg of cortisone was necessary to deposit 
a significant amount of glycogen in the liver, 
and dose increments of 30 »g were necessary 
to elicit significant increases in liver glycogen. 
The coefficient of variation(9) has been cal- 
culated for each dosage and the average co- 
efficient of variation for cortisone is shown in 
Table II. Averages for the methods of Olson, 
et al. and Pabst, et al., as calculated by Nis- 
sim(7), are 29.5% and 23.25% respectively. 
The average reported here is 30.5% indicating 
only slightly higher variation in these animals. 
The method of Venning (using her strain of 
mice) is perhaps more sensitive to smaller 
changes in dosage of cortisone than the meth- 
od suggested here. She has shown a signifi- 
cant change in glycogen deposition with as 
small an increment as 10 ug of cortisone, but 
does not report any liver glycogen values for 
smaller doses. The 10 yg dose is also in the 
lower limit for a significant response in our 
method. 


The data in Table II have been used to plot 
the dose-response curve found in Fig. 1. The 
mean values of glucose per 100 g weight were 
plotted against the log.-dose of cortisone and 
the curve obtained indicated a straight line 
relationship. From these values the slope, 


————-— -—- OBSERVED RESPONSE 
REGRESSION LINE 


LIVER GLYCOGEN 


10 30 50 100 
LOG UG CORTISONE 
FIG. 1. The mean values for liver glycogen ex- 


pressed as mg of glucose per 100 g body wt, 
plotted against the log-dose of cortisone. 
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“bh”, which was calculated according to the 
SS 

formula as discussed by Snedecor(9), 
Sx 


was found to be 19.559. The regression line 
was then calculated according to the formula 


v= y + b(X-—x). The index of precision 
was calculated according to the formula 
\ = s/b wherein ‘‘s” is equal to the average 
standard deviation about the curve and “b” 
is the slope of the regression line. According 
to Emmens(10) the value of A is a guide to 
the precision of the assay; a minimal value 
for A indicates a steep regression line in rela- 
tion to magnitude of variance. 


It is evident from Table II that as the dose 
increases above 100 ug of cortisone, there is a 
sharp rise in the standard error of the mean. 
Precision indices were calculated using the 
data from doses a) 0 to 300 pg of cortisone; 
b) 0 to 200 pg of cortisone; and c) 0 to 100 
ug of cortisone. The indices were found to be 
0:225, 0.273, andy 0,133. srespectivelya mec 
cepting the fact that for a precise bioassay 
the value for lambda should be minimal, it is 
apparent that the range of doses from 0 to 
100 wg of cortisone gives the most precise in- 
formation. 


Assay of glucocorticoids in urine. The pri- 
mary purpose for the development of this as- 
say was to establish a method by which levels 
of glucocorticoid material could be measured 
in human urine. Chloroform extracts of urine 
were prepared according to Mason’s modifica- 
tion(11) of an original method for chemical 
determination of corticoids by Daughaday. 
Jaffe and Williams(12). Some difficulty was 
encountered using the crude chloroform ex- 
tracts of normal urines. Attempts to show a 
dose-response relationship with normal urine 
were unsuccessful at the outset. Response to 
increasing doses of urine extracts was not a 
linear increase in liver glycogen. In many 
cases the results showed a decrease in amount 
of glycogen as the dose of urine extract was 
increased. This pattern of results suggested 
that either there was some active principle in 
urine extracts that was inhibiting glucocorti- 
coid activity, or that there was inactive ma- 
terial, poorly soluble in the volume of oil 
used, that was interfering with absorption of 
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TABLE III. Effect of Benzene-Water Partition 
of Urine Extracts on Glycogen Deposition. 


Glycogen Glycogen 


Dose Glycogen benz. HOH 
equiva- crude ex- fract., fract., 
Extract lent, hr tract, mg mg mg 
A 3 646 1.45 
6 1 2i/ 706 2.15 
B 2 1.62 32.14 


30.28 


Glycogen expressed as mg glueose/100 g body 
wt. 


the glucocorticoids. Many of the urine ex- 
tracts possessed large amounts of color, all of 
which appeared to be readily soluble in any 
of the non-polar solvents. In view of the be- 
havior of crystalline steroids in a benzene- 
water partition system, as shown by Talbot. 
Saltzman, Wixom and Wolfe(13), it was be- 
lieved that this treatment might be beneficial 
in purifying urine extracts. Talbot, et al. 
found that if the active corticoid compounds 
were dissolved in benzene and partitioned with 
water, the only compound that remained in 
the benzene to any extent was desoxycorticos- 
terone. The more highly oxygenated steroids 
preferentially moved into the water phase. 
This procedure was applied to urine extracts 
and it was found that the pigmented material 
remained almost entirely in the benzene frac- 
tion and that essentially all materials active in 
liver glycogen deposition moved into the 
water phase. The experimental data are pre- 
sented in Table ITI. 

Benzene-water partitioning considerably re- 
duced the amount of solid material in urine 
extracts, giving a cleaner preparation that 
could be dissolved in a small volume of oil for 
injection. There is some indication that higher 
levels of glycogen deposition are obtained with 
the same hourly equivalents of urine extract 
after a benzene-water partition. 

The data obtained from the assay of urine 
extracts from normal male individuals is 
shown in Table IV. A dose-response relation- 
ship is indicated which shows a highly sig- 
nificant change in glycogen deposition be- 
tween 200 and 400 ml urine equivalent doses. 
and a significant change between 400 and 600 
ml dose levels. These data are expressed 
graphically in Fig. 2 together with the stand- 
ard curve for cortisone for comparison. Re- 
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TABLE IV. Glycogen Deposition in Response to Doses of Urine Extract from Normal Indi- 


viduals. 
y Cortisonet Cortisone 
Dose equiv- No. Glyeogen,* mg equivalent, equiv./1, 
alent, ml animals Avg S.E. ee ug pg 
200 6 ea ey as ar eee 
400 5 6.31 1.18 4.43\ 17.5 43.75 
600 6 9.09 1 2.304 24.0 40.0 


PP <.05, ¢P— <0, 

gression lines for cortisone and for urine ex- 

tract, the slope of which was 16.553, were 

tested statistically to see if they deviated sig- 

nificantly from parallel. The value “‘t” 

was calculated according to the formula: 
bi—be 

t = ———. The value “b;—be” is equal to 
Vy Tqz 


the difference between slopes and the quantity 


V og is the standard error of the difference 
between regression coefficients(14). The 
value for “‘t” was 1.633 which showed the two 
regression lines did not deviate from parallel 
significantly. Therefore, it can be assumed 
that urine extracts may be assayed in terms 
of cortisone. When calculated as pg equiva- 
lents of cortisone excreted per liter of urine, 
as shown in Table IV, it is clear that fairly 
close agreement in results exists between the 
dose levels administered. 

A comparison of the values for corticoid ex- 


25 


CORTISONE 
———— URINE EXTRACT 


20 


LIVER GLYCOGEN 


10 30 50 100 
LOG 4G CORTISONE 
200 400 600 
LOG ML. URINE EXTRACT 
IG. 2. Regression line for liver glycogen response 
to urine extracts compared with the regression line 
for response to cortisone. 


* Glycogen expressed as glucose/100 g body wt. 


+t Determined from stand. curve; Fig. 1. 


cretion obtained by this method with deter- 
minations made by other investigators also 
show close agreement. This method shows an 
average excretion of 44 yg cortisone/] of 
pooled normal male urine. Schneider(15) 
has obtained a value of 53.1 yg/l, Zaffaroni 
(16) reports a range of 20 to 40 pg/l, and 
Venning(17) reports values of 40 to 80 yg/I 
of urine of normal individuals. Determina- 
tions of Schneider and of Zaffaroni were by 
means of paper chromatography and Ven- 
ning’s values by biological assay. 

Validity of the assay procedure for meas- 
urement of variations in corticoid excretion is 
demonstrated by an experiment wherein a pa- 
tient was given ACTH intravenously for peri- 
ods of 3 days interspersed with 3-day control 
periods. Urine was collected, extracted, and 
assayed for glucocorticoids by the bioassay 
method reported here. Table V shows gluco- 
corticoid, and the formaldehydogenic corti- 
coid excretion in response to ACTH stimula- 
tion. Results showing an increase in excre- 
tion of glucocorticoids during ACTH admin- 
istration, indicate that this method measures 
secretion products of the adrenal cortex which 
influence carbohydrate metabolism, and that 
the method is sufficiently sensitive to detect 
fluctuations in excretion of glycogenic steroids 
in urine. 

In Table V the results of both assays are 
expressed as wg of cortisone excreted per 24 
hours. It can be seen that by chemical assay 
the excretion level is considerably higher than 
that shown by biological determination. This 
indicates that chemical determination is meas- 
uring formaldehydogenic compounds which 
do not have glycogenic activity. In the  cal- 
culation of corticoid excretion the assumption 
is made that 1 mole of formaldehyde is de- 
rived from 1 mole of formaldehydogenic ster- 


Lz 
TABLE V.° Daily Corticoid Exeretion in Urine 
during ACTH Stimulation. 
Glucocorticoids, ; 

ug equiv. FGS,t 
Treatment* oC ne? (24 hr fee’ NO eee lene 
Control 91.2 931 
5mg ACTH 2380. 3870. 
Control 120. 1167 
10 mg ACTH 1298 3794 
Control 266. 675. 
25 mg ACTH 1440 4125, 

* Consecutive 3-day periods. 


+ Formaldehydogenie steroids. 


oid. This method of calculation does not 
make allowance for differences in glycogen- 
depositing activity of various formaldehydo- 
genic steroids. It is well known that the for- 
maldehydogenic method measures biologically 
inactive metabolites of glycogenic steroids as 
well as active forms. Since the isolation of 
pregnance-3, 17, 21-triol 11, 20-dione (tetra- 
hydro E) in 1951 by Schneider(15), much 
investigation into excretion of corticoid 
metabolites has been conducted. 

The introduction of -glucuronidase by 
Kinsella, Doisy and Glick(18) for hydrolysis 
of urinary steroids greatly increased the yield 
of chemically detectable corticoids. Interest- 
ing studies on urine and blood levels of corti- 
coids and their metabolites have recently been 
reported by Baggett, Kuisella and Doisy(19) 
and Silber and Porter(20). These investi- 
gators have also found increased yields of 
urinary corticoids by enzymatic hydrolysis 
and, in addition, Silber and Porter showed 
that the main corticoid in blood is hydrocor- 
tisone (Compound F) while in urine it is 
tetrahydro F, 94% of which is excreted as a 
glucuronide. Studies by Fukushima, Leeds, 
Bradlow, Kritchevsky, Stokem and Gallagher, 
(21) have disclosed 4 new metabolites ex- 
creted in urine following ACTH administra- 
tion. These compounds, designated by the 
authors as ‘“‘cortol, -cortol, cortolone, and 
-cortolone,” are not reducing substances and 
are negative to the Porter-Silber reaction, 
however, they do yield formaldehyde on peri- 
odic acid oxidation. 

These increased yields of urinary corticoids 
and newly discovered metabolites tend to fur- 
ther the understanding of adrenal function 
and metabolism of cortical secretions to a de- 
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gree that could not have been arrived at by 
means of a biological assay alone. It has. 
however, been shown by Venning(22), Lobot- 
sky, Hannye and Lloyd(23), and Chart(24), 
that for the routine bioassay of urinary corti- 
coids the hydrolysis of urine with -glucuroni- 
dase does not add greatly to the information 
obtainable by acid hydrolysis. The great in- 
crease in yield of chemically detectable corti- 
coids is not reflected by a comparable increase 
of activity in biological assay procedures. 
This fact does not negate the usefulness of 
bioassay procedures or of the enzymatic hy- 
drolysis of urine for determination of corticoid 
excretion in urine. It is of importance to 
establish the relative activity of newly isolated 
metabolites and to quantitate the potency of 
new synthetic steroids as they become avail- 
able. 

We believe that this bioassay procedure can 
function as a valuable adjunct to the chemical 
methods for the evaluation of corticoid excre- 
tion as well as being an accurate, simple and 
economical method for determination of gly- 
cogen-depositing activity of crystalline com- 
pounds. 


Summary. A practical bioassay technic for 
glucocorticoids is proposed, using the adrenal- 
ectomized, 21-day-old male rat as test animal. 
The method offers the accuracy and precision 
shown by the use of the young adult rat, and 
the sensitivity and economy observed in meth- 
ods using the laboratory mouse. Dose-re- 
sponse curves have been established for cor- 
tisone and for the assay of urine extracts. The 
regression lines for the two substances are 
parallel, indicating the method is valid for 
measurement of glucocorticoid excretion. It 
is suggested that this bioassay method may 
serve as a valuable adjunct to the chemical 
methods for the assay of urinary corticoids. 
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Colorimetric Study of Absorption and Excretion of 4-(p-Dimethylaminos- 


tyryl) Quinoline Methiodide and Related Compounds.* 


Cart Tass BAHNER.? 


(21961) 


(Introduced by G. A. Andrews) 


From the Medical Division, Oak Ridge Institute of Nuclear Studies, Oak Ridge, Tenn.t 


Since 4-(p-dimethylaminostyryl) quinoline 
methiodide(1) and several related dyes, when 
administered in the diet, have been found to 
cause regression of Lymphoma 8 tumors in 
rats(2-4), the fate of the unchanged dye was 
studied colorimetrically. The results of this 
study have led to finding a compound that ap- 
pears to be unusually active in bringing about 
regression of Lymphoma 8(3,4). 

Methods. The compounds used were pre- 
pared in the chemical laboratories of Carson- 
Newman College by Wilfred Lyke and Joan 
Wilson, with the financial assistance of a 
Frederick Gardner Cottrell Grant from the 
Research Corporation and a grant from the 
Medical Research Foundation: 4-(p-Dime- 
thylaminostyryl) quinoline methiodide (4M 
2M). 4-(p-Dimethylaminostyryl) quinoline 
methochloride (4M2MCl).  2-(p-Diethyl- 
aminostyryl) quinoline ethiodide (2E2E). 2- 


+ Carson-Newman College, Jefferson City, Tenn. 
* Under contract with the U. S. Atomic Energy 


Commission. 


(p-Dimethylaminostyryl) pyridine methio- 
dide (2M2PM)?. and 2-(p-Dimethylamino- 
anil) pyridine methiodide (2M2NPM). The 
usual method of administering the dyes was 
to mix them with powdered food of animals, 
by grinding in a ball mill 8 hours or longer. 
After offering dyed food for 2 days the ani- 
mals were given untreated food ad libitum. 
beginning the evening of second day. In a 
few instances a solution of a dye in a 0.9% 
NaCl or 5% glucose was administered by a 
stomach tube or was injected subcutaneously 
in the flank or intravenously via a tail vein. 
Urine and feces were collected separately, by 
conventional apparatus, until 2 days after last 
dose of dye was administered. The dye was 


t+ This compound was included because of the 
observation by workers at the Midwest Research In- 
stitute that it seemed to cause damage to Sarcoma 
180 in mice used in tumor necrosis screening tests, 
although it did not cause conspicuous inhibition of 
the growth of tumors. Goodson, Lewis H., personal 


communication. 
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recovered from feces by hot 95% ethanol in 
a Soxhlet extractor and measured by Beck- 
man Type B spectrophotometer. The absorp- 
tion peak at 540 mp was used for quinolinium 
compounds and the 469 my peak was used for 
2M2PM. Absorption due to normal fecal 
pigment was taken into account. To measure 
the dye content of a tissue, such as liver, the 
sample was washed quickly with alcohol, then 
minced under a small amount of alcohol. If 
the pink color of dye appeared in the alcohol, 
the dye was extracted with the aid of a Sox- 
hlet extractor. A sensitive test for traces of 
dye in urine and other aqueous solutions was 
carried out by cutting a thin wick from a disc 
of filter paper(5) and allowing the solution to 
rise through this wick and spread through the 
entire filter paper. Any 4M2MCI, or 2E2E 
would color the wick. Free dye was removed 
from urine by passing it through a_ tube 
packed with absorbent cotton or by stirring 
the sample with filter paper. After the dyed 
cellulose was washed with water and dried. 
the dye was eluted with boiling alcohol and 
the quantity measured colorimetrically. In 
some instances the decolorized urine gradually 
turned purple on standing, and could be re- 
covered and measured as described. The ap- 
pearance of pink or purple color could be 
hastened by heating the sample in a boiling 
water bath for about 20 minutes, provided the 
sample was slightly basic. Before heating. 
therefore, a base was added to urine samples 
that were acid. Appearance of pink color 
when a basic decolorized solution was heated, 
is referred to in this paper as a “‘heat-pink” 
test. 

Results. Fecal excretion. From 36 to 47% 
of the 4M2M fed, was recovered from feces of 
Wistar rats, hooded rats, black mice, and 
brown mice. Practically the same results were 
obtained whether this dye was administered 
at concentration of 0.3% or 0.1% in Rock- 
land Mouse Ration or concentration of 0.3% 
in starch, but a higher excretion was noted 
when food and dye were ground only 45 min- 
utes. Recovery of 4M2MCl from the feces 
was about 58%, whereas recovery of 2E2E 
and 2M2PM was 13 to 27%. No 2M2NPM 
was recovered, perhaps because of hydrolysis 
in the stomach. The anil pyridines are usually 
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readily hydrolyzed by acids, in contrast to 
the styryl compounds. 


Disappearance of dye. The color of dye 
sometimes persisted 2 to 5 days at sites of 
subcutaneous injections of 4M2MCI solution 
in rats. This is in contrast with permanent 
staining reported to result from subcutaneous 
injections of 2-(p-acetaminostyryl) -6-(p-ace- 
tamidobenzamido) quinoline methoacetate 
(Stvryl 430), reported to produce sarcomata 
(6). When rats were sacrificed after several 
days of eating food containing styryl dyes, 
their tissues did not appear to be stained. 
However, when a mouse was killed 20 minutes 
after receiving the last of three 1 ml oral doses 
of a solution containing approximately 3 mg 
of 4M2MClI/ml of 5% glucose at 20-minute 
intervals, 0.8% of the dye was recovered by 
extraction from the liver, and small quantity 
was extracted from kidneys. Similar results 
were obtained at the end of 3 hours, but no 
dye was found in kidneys and liver of 2 mice 
and a rat killed 1 day after receiving the solu- 
tion by stomach tube. The color of saturated 
solution of 4M2M in 0.9% NaCl became 
lighter as it passed down the digestive tract of 
a rat or mouse, until it was vellow in the small 
intestine.’ This yellow solution brought 
about bleaching of dilute solutions of 4M2M 
or 2E2E within 4 hours. Liquid. from the 
stomach did not produce this effect, nor did 
liquid from stomach, gall bladder, or intestine 
of a dog. 


Urinary excretion. Rarely a faint trace of 
dye was observed in urine of animals fed dyed 
food, but stronger traces were noted following 
subcutaneous injections. When a rat ate 24.3 
mg of 4M2MCI in his food during 2 days. 
only 0.033 mg of the free dye was found in 
urine of the first 24 hours and 0.023 mg in the 
next 24 hours. The additional dye recovered 
after decolorized urine had stood, was 0.05 
mg for each day. After subcutaneous injec- 
tion of 0.6 mg of 4M2MCI in 5% glucose, 5% 
of the dye was found in urine. The substance 
responsible for the color observed after the 
decolorized dye had stood for some time, had 


) This experiment was planned and executed with 
the assistance of Dr. Robert A. Woodbury, Uni- 
versity of Tennessee, Memphis. 
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very nearly the same absorption maximum in 
alcohol as that of a known sample of 4M2M. 
A negative heat-pink test was obtained with 
urine of rats, rabbits, hamsters, and a dog that 
received subcutaneous injections of 4M2MC]1 
solution, but the test was positive after eating 
of food containing 4M2MCIl. The inference 
that the substance responsible for the heat- 
pink test was formed in the digestive tract was 
supported by further observations: A faint 
pink color was produced when the heat-pink 
test was applied to samples of 4M2M solution 
in 0.9% NaCl that had been decolorized in 
the digestive tract of a rat. A sample of 
4M2M solution in 0.9% NaCl, kept over 
night at room temperature, after addition of a 
few drops of the liquid from the lower small 
intestine, then decolorized by passing through 
cotton, gave a strong heat-pink test. The na- 
ture of the substance responsible for the heat- 
pink test is being investigated further. 


Summary. 1. A substantial portion, usually 
less than half, of the 4M2M, 4M2MCI, 
2E2E, and 2M2PM administered to rats 
and mice in the diet, was found by colori- 
metric measurements, in the feces. 2. Only a 
trace of dye color was detected in urine of rats 
that had received 4M2M or 4M2MCI orally 
or subcutaneously. 3. Heating, or prolonged 
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exposure to air, of samples of urine from ani- 
mals that received 4M2M, 4M2MCI or 2E2E 
orally, not subcutaneously, produced a pink 
color. The trace of material responsible for 
this color seemed to be formed from the dye 
in the digestive tract. 4. Very little unchanged 
dye was found in the tissues of rats and mice 
that had received 4M2M or 4M2MCI orally. 
5. A large part of the 4M2M or 4M2MCI 
administered orally is evidently converted 
into other substances. 


The assistance of Edgar Cress and John Rafter in 
carrying out the animal experiments is acknowledged 
with appreciation. 
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Tissue Abnormalities in Newborn Rats from Vitamin B,», Deficient Mothers. 


(21962) 


Carrot C. JoNEs, SIDNEY O. BROWN, LUTHER R. RICHARDSON AND JOHN G. SINCLAIR. 


From Departments of Biology, Texas Agricultural and Mechanical College, Biochemistry ant 
Nutrition, Texas Agric. Exper. Station, and of Anatomy, University of Texas Medical 
Branch, Galveston. 


Reproductive failure in female rats de- 
ficient in vit. By2 has been reported by Dry- 
den, Hartman and Cary(1), Lepkovsky e¢ al. 
(2), Richardson, Witten and Couch(3). 
Thirty to 60% of the offspring died within 3 
days and those which survived were under- 
weight and unhealthy. Ferguson and Couch 
(4) observed degeneration in heart, liver, thy- 
roid and kidney in chick embryos from hens 
deficient in By». This suggested that similar 


changes might be found in rat embryos and 
might account for their early mortality. 
Methods. Weanling female rats were 
placed on By» low diet of O'Dell e¢ a/.(5) un- 
til 4 weeks before mating when they were 
transferred to experimental diets. Basal diet 
was synthetic and contained 25% commercial 
soybean protein* extracted 6 times by boiling 


* The Drackett soybean protein C-1, the Drackett 
Co., Cincinnati. 
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Tissues from uewborn rats born to vit. By deficient mothers compared to those derived from 
control litters. 


FIG. 1. Longitudinal section of heart muscle from control rat weighing 7.4 ¢. Chromatic 
= 5 e. 4 


Se 


nuclei and basophil cytoplasm. X 720. 
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FIG. 2. Longitudinal section of heart musele from experimental rat weighing 2.7 g. Less 
chromatic nuclei, less differentiated cytoplasm and cell arrangement. X 720. 


Ins Sy 


Thick wall of auricular appendage from control rat. x 450. 


FIG. 4. Very thin auricular wall from experimental rat of 2.7 g. x 450. 


FIG. 5. 
FIG. 6. 


Spleen of control rat with reticular cell background. X 720. 
Spleen of experimental rat (wt 4.15 g) lacking reticular primordial cells and filled 


with dense pyknotie nuclei with little cytoplasm. Population density of cells is low. x 720. 
FIG. 7. Control liver with narrow uniform sinusoids basophil liver cells and numerous blood 


islands. x 450. 


FIG. 8. Liver from experimental rat of 4.7 g showing dilated sinusoids filled with ghost red 
cells and fat. Note lack of basophilia and diminished size of liver cells. 450. 


70% isopropyl alcohol. One group received 
basal diet alone. The control group received 
a supplement of 25 yg of vit. By2/kg basal 
diet. The vitamin-deficient females weaned 
only 40-70% of their young while controls 
weaned 95%. The young within 3 to 4 hours 
of birth were killed by ether and injected and 
fixed whole in either Bouin’s solution or neu- 
tral formalin, or a mixture of 1 part formalin 
to 9 parts alcohol for study of glycogen. 
Ninety young from deficient mothers and 22 
from control mothers were used. Hearts, liv- 
ers, kidneys and spleens were excised, weighed 
and studied histologically in 7 » paraffin sec- 
tions. Other portions were sectioned at 13 p 
in freezing microtome. Qualitative histo- 
chemical staining tests were used as follows: 
lipoids; Sudan IV on frozen sections; amy- 
loid; dahlia or methyl violet(6); glycogen; 
Bauer-Feulgen; ribonucleic acid: toluidin 
blue with enzyme treated controls; desoxy- 
ribonucleic acid; methyl green pyronin(7). 

Results. Structure and histology of organs 
of By deficient young. Experimental new- 
born rats were underweight, average 4.75 
(2.14-5.18) while control rats averaged 6.0 g 
(4.3-8.0). The gestation period for both was 
21 days. Weight of heart, liver and kidney 
of experimental rats showed that whereas the 
former were below normal weight, they were 
heavier than normal in proportion to the rest 
of the body. The above are characteristic of 
immature animals. 

Heart. Aortic arches showed no anomalies, 
although the chambers of the heart were not 
examined. The structure of muscle cells in 
both auricle and ventricle showed a fetal pat- 
tern, with little basophil cytoplasm, poorly 
developed myofibrillae and striations, and 
marked cell borders (Fig. 1, 2). Sudan stain- 
ing showed small lipoid vacuoles in the cyto- 
plasm. A few lymphocytes were seen in con- 


JS 
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nective tissues. The figures compare longi- 
tudinal sections of ventricular muscle photo- 
graphed under identical conditions. Nuclei 
were larger but less chromatic with a perinu- 
clear ring of chromatin. D.N.A. determina- 
tions showed less nucleoprotein. Auricles 
were thin, not because of distension but be- 
cause of failure to develop full thickness of 
wall (Fig. 3, 4). 

Spleen. The control spleen showed a back- 
ground of reticular cells against which small 
lymphocytes were contrasted. In the deficient 
animals the reticular cells had generally dis- 
appeared leaving a reticular net of fibers 
among which were many large, very dense 
nuclei, often pyknotic. These cells had little 
cytoplasm. Some cells with more cytoplasm 
contained hemosiderin (Fig. 5, 6). 

Liver. In contrast to the fairly uniform 
sinusoidal pattern of normal liver, the liver 
of deficient young under low power showed a 
dilation of sinusoids between periphery and 
central veins. The dilated peripheral portions 
of the sinusoids contained normal non-nucie- 
ated red cells. Then followed a zone of red 
cell ghosts and fragments. The more central 
portions were plugged with fat globules of un- 
determined origin. Finally, the zone immedi- 
ately around the central vein was packed with 
various leucocytic cells (Fig. 7, 8). This 
blockage of liver circulation resulted also in 
shrinkage of liver cords, disappearance of gly- 
cogen and nuclei with reduced D.N.A. Von 
Kupffer cells were all enlarged and contained 
much blood pigment. Hemopoietic islands of 
the liver were still present, but the cells, like 
those of the spleen, had large, dense or even 
pyknotic nuclei with little cytoplasm. (Fig. 
OREO ngs) 5 

Kidney. The kidney of experimental ani- 
mals showed retardation of growth more than 
any other organ. The cortex was of fetal 
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FIG. 9. Control specimen of liver with variable but chromatic nuclei and abundant cyto- 
plasm. XX 720. 
FIG. 10, Liver from experimental animal of 2.7 g with loss of chromaticity in liver cell nu- 
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clei, loss of cytoplasmic volume and basophilia and transformation of both blood islands and 
me 


cells of von Kupffer into pyknotic cells. & 720. 


FIG. 11. Liver from deficient rat of 4.2 g wt with great dilation of sinusoids filled with fat 
and fragmented red cells and fading out of many liver cell nuclei. 720. 
FIG. 12. Cortex from kidney of a control rat (wt 7.4 g) showing one row of undifferentiated 


glomeruli and tubules. x 450. 


FIG. 13. Kidney of deficient rat of 2.7 g showing several laminae of undifferentiated glom- 
erul and tubules and approximately 2 functional rows deeply placed. Lumens are not clearly 


defined. < 450. 


~ PIG. 14. \ Kidney cortex from a deficient rat of 4.05 g showing great dilation of differen- 
tiated tubules and reduction of brush border or failure to develop such a border. 450. 


structure filled with incompletely formed 
glomeruli and tubules. The smallest animals 
showed the most immature picture (Fig. 12, 
13, 14). In addition to the fetal picture, the 
convoluted tubules of young rats weighing 
about 4 g showed great dilation of tubules 
(Fig. 14), the capillary ducts and pelvis of 
the kidney. The brush border had either 
sloughed or had never formed. The lumina 
contained no detritus. Bowman’s capsules 
also were dilated but were still functional. 
The tubules all resembled distal convoluted 
tubules. Sudan staining showed fine basal 
lipoid vacuoles in the tubular cells not seen in 
controls. On the other hand glycogen was 
lacking. Vascular extravasation was present 
together with extratubular edema. Newborn 
young weighing about 2.7 g showed a much 
less developed kidney in which no lumen was 
present in the tubules except in deeper, more 
mature and functioning units (Fig. 13). Here 
also was much extratubular fluid. In all of 
these abnormal kidneys there was abundant 
medullary mesenchyme as in the fetus but no 
amyloid deposits. 

Discussion. It is a general fact that female 
rats placed on a low By» diet show little evi- 
dence of abnormality in their tissues(8,9) but 
do develop deficiencies in their reproductive 
processes and severe growth deficiency in their 
young(1,3). The degree of growth deficiency 
and of pathology were coordinate with the im- 
mature birthweights, the smallest showing 
most severe effects. The work of many au- 
thors dealing with vit. A deficiency(10,11) 
with blocking agents like urethane, galacto- 
flavin(12), methylene blue, irradiation(13), 
etc., show that whatever specificity these 
agents seem to have lies in the particular mo- 
ment of susceptibility of tissues at the time 
of impact of the reagent or deprivation of 
some essential nutrient. 


The case of By deficiency in addition to a 
possible correlation above showed that some 
of the results seen after birth were the indirect 
result of blocks in liver or kidneys. Similarly, 
cardiac anomalies were held responsible for 
urogenital hypoplasias in the work of Baird 
et al.(12) using galactoflavin. 

There may be additional more specific ef- 
fects in the present experiments because of the 
probable By. requirement for synthesis of 
nucleoprotein(8,9). Hematological work on 
bone marrow and spleen is needed. Our sec- 
tions showed great variability in cytoplasmic 
basophilia in erythrocytes. There was no 
anemia or general hypoxia in the mothers to 
indirectly affect the young. 

Liver damage has been reported in swine 
(14) and in adult rat(9) as a result of feeding 
a By» deficient diet. Ferguson and Couch(4) 
reported an increase of fat content in cells of 
heart muscle, in kidney tubules and in hepatic 
cells of chick embryos from hens on a diet low 
in vit. By. In addition, they reported dam- 
age to liver cells beyond this. These cell 
changes could be prevented by injection of 
B,2 into the egg or into the deficient hens 
some time before the eggs were laid. The 
above seem to support the view of Ling and 
Chow(15,16) that this vitamin directly or in- 
directly plays a part in the accumulation and 
transformation of glycogen and fat. 

The probable role of vit. By: in protein 
metabolism and particularly in nucleoproteins 
was best seen in heart muscle. The cytoplas- 
mic deficiency could have been due to over- 
work but was probably a part of the picture of 
immaturity. The failure to find any amyloid 
in connective tissues of the body also points 
to immaturity. 

The abnormal changes in the heart, liver. 
kidney and spleen noted in our experiments 
with rats were entirely prevented by supple- 
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menting the deficient maternal diet with vit. 
Bip. 

Conclusions. Female rats deprived of By». 
from before the time of mating until the end 
of gestation, produced deficient and weak 
progeny. This was shown in weights well be- 
low normal and arrested development pro- 
portionate to the subnormal weights. The de- 
fects involved vascular blocks especially in 
the liver with consequent passive congestion. 
The heart and kidneys were immature. Proxi- 
mal convoluted tubules became blocked and 
transformed into distended tubules histologi- 
cally like distal tubules. Spleens showed a 
loss of primitive reticular cells and transfor- 
mation into large densely chromatic and pyk- 
notic cells. The origin of the fat by which 
the liver sinusoids were blocked is not known. 
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Heterologous proteins and amino acids 
have been shown to localize selectively in 
transplantable and spontaneous tumors of ani- 
mals(1,2). This study was undertaken to 
determine whether homologous proteins are 
concentrated in tumor tissue since homologous 
albumin (human serum albumin) tagged with 
radioactive iodine is used extensively as a 
diagnostic tracer agent for the detection of 
brain tumors and metastatic lesions of the 
liver (3). 

Several attempts to measure the distribu- 
tion of radioactivity in biopsy specimens from 
tumors in humans have been inconclusive be- 
cause of low activity in the tissues when per- 


missible tracer doses were used. Accordingly, 
it was decided to study the problem in animals 
inoculated with experimental tumors, using 
homologous albumin. 

Method. Rabbit albumin was obtained by 
ammonium sulfate separation, dialyzed and 
immediately lyophilized. Electrophoretic pat- 
terns indicated the material to be albumin, the 
single characteristic peak being visible. The 
albumin was trace iodinated with I'*! accord- 
ing to the procedure of Gleason and Tabern 
(4), and yielded a protein of high specific ac- 
tivity (100-600 p»c/ml with an albumin con- 
tent of approximately 10 mg/ml). Ultracen- 
trifugation and electrophoretic analysis have 
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TABLE I. Ratio of Radioactivity of Tunor and Invasive Zone to Normal Liver. 
Counts/sec./g————_, : . 

Rabbit Day sace- (Normal Invasive ; seo ta wages 

No. : rificed liver zone Tumor Normal liver Normalliver 
4 Nolmgol’s _ Unperfused 1 b8e4 | isdeiee Salo373) dd be OO 
12 Lugol’s Zs 1 2938 4891 3661 1.66 1.25 
6 No Lugol’s 2 3191 4589 5535 1.44 1.73 
26 Lugol’s 3 3347 3174 9436 94 2.82 
16 re 5 474 618 720 1.30 1.52 
Avg 1,36 1.88 
3 Lugol’s Perfused 1 delat: 894 1398 1.26 Wf 
35 uf 2 337 512 1816 1.52 5.39 
30 i 3 680 748 2524 1.10 3.72 
31 i 4 453 494 1745 1.09 3.85 
Avg 1.24 3.73 


shown the end product to be similar to native 
albumin. The tagged albumin was injected in- 
travenously into 9 albino and Dutch rabbits 
with actively growing Brown-Pearce tumors 
of the liver. The suspension of Brown-Pearce 
tumor was obtained by straining a thick homo- 
genate through 2 layers of surgical gauze. Un- 
der ether anesthesia a laparotomy was done 
and about 0.2 ml of the tumor cell suspension 
was injected into the liver under direct vision. 
The rabbits were examined daily and after the 
tumor transplants had become palpable (5-23 
days following inoculation), the iodinated al- 
bumin was injected intravenously in volumes 
of 1-5 ml. Some of the animals were given 
Lugol’s solution in their drinking water in or- 
der to block their thyroid glands and prevent 
uptake of inorganic I'*! from the injected al- 
bumin. The animals were divided into 2 
groups: the animals of the first group were 
sacrificed without perfusion 1 to 5 days fol- 
lowing the injection of the labelled albumin. 
They were killed by ether inhalation and au- 
topsied immediately. The other animals were 
perfused 1 to 5 days following the injection of 
labelled albumin as follows: under ether anes- 
thesia heparin was injected intraveounsly and 
a cannula was inserted into the right external 
jugular vein. Normal saline was injected into 
this cannula. Blood was drained through a 
cannula in the left common carotid artery un- 
til only saline was obtained. As soon as that 
happened, the thorax was opened and normal 
saline was injected into the descending aorta 
and drained through the inferior vena cava so 
as to perfuse the abdominal viscera. Tissue 


samples were then removed. Tumor tissue 
was carefully separated from normal liver tis- 
sue and sections through the “invasive” zone 
were taken. This “invasive” zone consisted of 
an area at the periphery of the tumor with 
equal amounts of tumor and normal liver tis- 
sue to each side of the center of the section. 
This was checked by histologic examination. 
The tissue samples were minced, blotted on 
filter paper and weighed into culture tubes. 
They were then dissolved in 2 ml 2N NaOH 
in a boiling water bath and, after they had 
cooled, were counted in a sodium iodide (thal- 
lium activated) scintillation well counter. 
The counts recorded were corrected for physi- 
cal decay to the time of the administration of 
the dose. 

Results. Table I shows the radioactivity 
expressed as counts/second/gram for normal 
liver, tumor and “invasive” zone tissue in 
Brown-Pearce inoculated animals. It can be 
seen that consistently higher activity is pres- 
ent in tumor tissue than in normal liver tissue. 
In the perfused animals, this difference ap- 
pears to be somewhat greater. 

Expressed as tumor/normal liver the ratios 
are 1.25 and 2.82 (average 1.88) in the unper- 
fused animals and 1.97 to 5.39 (average 3.73) 
in the perfused animals. The ratio of “inva- 
sive” zone/normal liver in the unperfused ani- 
mals ranged from 0.94 to 1.66 (average 1.36) ; 
in the perfused animals, it was 1.09 to 1.52 
(average 1.24). 

Scintigrams(5) showed concentration of 
radioactive iodine in the liver. There was not 
enough activity in the tumor, however, to ob- 
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tain satisfactory differentiation between nor- 
mal liver and tumor with this method. This 
is evident from the ratios of tumor tissue /nor- 
mal liver tissue. 

The administration of Lugol’s solution to 
some of the animals did not change the con- 
centration of the iodinated albumin or the ra- 
tios between tumor, “invasive” zone and nor- 
mal liver tissue (Table I). 

Comment. Duran-Reynals(1) showed that 
heterologous proteins and dyes injected intra- 
venously localize selectively in transplantable 
and spontaneous tumors of mice. He inter- 
preted his findings as, “indicating that newly 
formed capillaries of tumors are, in general, 
more permeable than the capillaries of any 
normal tissue.” In our animals, increased 
concentrations of homologous albumin were 
demonstrated in tumor tissue as compared to 
the surrounding normal liver. The ratio of 
specific activity of tumor/normal liver was 
even greater after the animals had been per- 
fused. The reason for this may, indeed, be 
increased permeability of newly formed capil- 
laries with escape of homologous albumin into 
tumor tissue. Once the albumin has escaped 
into tumor tissue, it cannot be removed by 
perfusion. Another possibility is actual meta- 
bolic utilization of homologous albumin by the 
more rapidly growing tumor tissue. 

The labelled protein used in our study was 
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homologous and presumably not denatured. 
It is assumed that it is handled by the rabbit 
like native albumin. Whether the intact pro- 
tein molecule or a metabolite of this protein is 
deposited in tumor tissue cannot be stated at 
this time. 


Conclusion. The data presented indicate 
that experimental tumors of the liver (Brown- 
Pearce) in rabbits accumulate more radio- 
iodinated rabbit albumin than normal liver 
tissue of the same animal. This increased con- 
centration appears to be unrelated to vascu- 
larity since it was demonstrated in perfused 
animals. 


The authors wish to express their appreciation to 
Dr. Harry A. Penn and Mr. Arlan Smith who made 
the experimental tumors available. 
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Early investigations clearly indicated that 
pregnanediol is a product of metabolism of 
progesterone in man(1-4). Further in vivo 
studies have indicated that progesterone may 
be reduced to, and excreted as, allopregnane- 
diol-3(a), 20(a)(5) and pregnanol-3 (a)-one- 
20(6). However these metabolites in the 
urine account for only 5-20% of administered 
progesterone(7). Recent studies indicate that 
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pregnanediol is not present in urine of preg- 
nant goats(8) and cattle(9). The importance 
of a biliary pathway for elimination of proges- 
terone metabolites has been indicated: (a), 
recovery of pregnanediol from bile of humans 
after progesterone was given parenterally 
(10); (b), identification of allopregnanediol- 
3(B), 20(B) in cattle bile(11); and (c), iso- 
lation of pregnanol-3(a)one-20 and pregnane- 
diol-3(a), 20 (8) from bile of pregnant cows 
(12). It has been shown in studies of proges- 
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terone-21-C'™ metabolism in rats that most of 
the injected progesterone or its metabolites 
are carried to the intestine by bile and elim- 
inated in the feces(13). Ina study of stéroid 
metabolism in the bovine, we previously de- 
termined the neutral ketonic non-alcoholic 
character of androgens in cow feces(14). Bil- 
lary androgenic activity has also been de- 
tected in this species(15). However, feces 
from intact or spayed heifer, following treat- 
ment with testosterone, contained comb- 
growth depressing substances(16). Studies 
in pregnant cattle have demonstrated a pre- 
parturient increase in fecal excretion of andro- 
gens(17). 

These reports led us to suspect that fecal 
androgen might be related to progesterone 
metabolism. This paper describes experi- 
ments which indicate that fecal androgen in 
the bovine is dependent on exogenous and/or 
endogenous progesterone metabolism. 

Methods. Progesterone was administered to 
a 6-months-old Holstein calf, a yearling Jer- 
sey heifer, a Jersey cow in 7th month of preg- 
nancy, 3 non-pregnant Jersey cows, and an 
18-months-old Holstein bull. Feces were col- 
lected before, during, and after progesterone 
administration; dried in oven at 45°C, and 
pulverized in a ball-mill. The dried feces 
from each collection period was then well 
mixed and 1250 g portions taken for assay. 
Total weight of feces excreted from day to 
day did not vary appreciably in a given animal. 
The androgen content of each fecal sample 
was determined by measuring comb response 
of White Plymouth Rock cockerels to the fe- 
cal sample incorporated as 10% of control 
ration. Fecal samples were substituted for an 
equivalent amount of alfalfa meal present in 
the control ration(17). Comb response was 
expressed as 100 times the ratio of comb 
weight in mg to body weight in g. For com- 
parison, response of chick comb to andros- 
tane-3, 17-dione and to A4-androstene-3,17- 
dione at the level of 10 mg/kg of feed is pre- 
sented. Recently, androgens present in bo- 
vine feces have been identified as androstane- 
3, 17-dione, A 4-androstene-3, 17-dione, and 
A 1, 4-androstadiene-3, 17-dione(18). One g 
of progesterone in olive oil was given subcu- 
taneously, daily, for 3 successive days to each 


143 


animal with exceptien of the pregnant cow 
which received one g progesterone daily for 5 
successive days. Control samples of feces 
were collected for a 2-day period preceding 
injections. Fecal samples were then collected 
during and after progesterone administration 
on the following days: 


Days 

Holstein calf 0-1, 2—4, 5-7, 8-10 
Yearling heifer 0-2, 3-5, 6-8 
Jersey cow # 544 1, 2,3, 4, 5, 6 

” # 310 1,2,4,5,6,7,8 

* 410160 19959, 40 BG 

Holstein bull i yEon a OM Onn 
Pregnant cow 1,5 


Results. Feces of untreated 6-months-old 
calf exhibited a slight but insignificant andro- 
genic response when fed to baby chicks; 
whereas marked, significant androgenic re- 
sponses were obtained from feces of the year- 
ling heifer, 2 of the non-pregnant Jerseys and 
the pregnant Jersey cow. These data indicate 
that androgen elaboration in the cow is de- 
pendent upon sexual maturation or preg- 
nancy. Feces from the untreated pregnant 
cow contained the greatest amount of andro- 
genic activity. The peak of fecal androgen 
excretion thus synchronizes with the period of 
maximum progesterone production by the ani- 
mal. It is interesting to note that an insig- 
nificant amount of androgen is excreted in 
feces of the untreated bull as previously re- 
ported(19). 

Administration of progesterone to the 6- 
months-old calf, the yearling heifer, the 3 
non-pregnant Jersey cows, and the Holstein 
bull produced statistically significant increases 
in androgenic content of feces. Upon proges- 
sterone withdrawal, the androgen content of 
feces gradually diminished to or below the 
pre-treatment levels. 

Progesterone administration to the preg- 
nant cow produced a slight but not statisti- 
cally significant augmentation of androgenic 
content of feces. A diminution in fecal andro- 
genic activity on prolonged administration of 
progesterone was indicated in the fecal sam- 
ple collected after 5 daily doses of progester- 
one. This slight initial increase as well as the 
ensuing decrease in androgenic activity on 
continued progesterone injection might be due 
to a depression of endogenous progesterone 
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TABLE I. Excretion of Fecal Androgen in Normal and Progesterone-Treated Bovine. 
Bovine feces Assay chicks ——_ 
Progesterone Collections No.of Avgbody Avg comb Comb ratio % diff. 
Animal treatment (days)  cockerels wt (g) wt (mg) + 8.E. . after inj. 
Holstein calf Before inj. 2 17 271.2 200.8 (eee. Or aa 
(6moold) After ” * 621 19 313.4 327.7 102.8 + 10.1 + 39 
2- 4 18 299.4 306.9 99.6 + 12.0 + 35 
5- 7 15 292.9 223.0 75.2+ 7.8 + 1 
8-10 14 284.6 156.4 54.64 4.7 — 26 
Control chicks 17 279.6 158.0 55.9 = 6.7 
Jersey heifer Before inj. 2 20 311.9 355.5 114.0+ 8.1 == 
(yearling) After ” * 0- 2 20 328.2 539.8 162.8 + 11.2 + 43 
3- 5 20 308.0 444.2 144.2 + 11.0 + 27 
6- 8 18 324.4 384.8 120.0 + 12.7 + 5 
Jersey cow Before ” 2 15 268.9 401.6 150.6 + 17.9: 
(pregnant) After ” + 0-1 16 240.3 413.0 168.2 + 15.8 + 12 
4-5 18 263.7 284.2 NO eye BY) — 28 
Control chicks 14 283.9 104.9 36.6) 4-5 3.5 
Androgen-fed chickst 19 257.7 169.7 65.5 + 5.6 
Jersey cow Before inj. 2 21 276.1 166.6 59 = 6:3 — 
#310 Afters to 1 24 284.5 130.6 46.34 3.4 — 22 
2 22 290.6 160.4 55.4- 4.0 - 7 
4\| 24 296.6 264.5 89.34 8.4 + 51 
5 24 284.0 158.9 5544+ 4.6 ey nt 
6 24 309.1 153.7 50 = 5.4 — 15 
7 25 308.6 141.7 46 + 3.1 — 22 
8 22 295.8 130.6 44 + 3.6 — 25 
Control chicks 23 298.7 158.2 52 + 44 
Androgen-fed chicks§ 23 293.7 442.8 150.8 + 12.2 
Holstein bull Before inj. 2 22 327.0 200.9 61.84 5.1 — 
Proeeore 8S 1 21 320.9 182.7 98° == 526 = 0 
2 22 337.0 246.9 74 + 5.6 + 20 
3 23 358.0 271 75.6 3216.0 + 23 
4 22 349.1 534.4 154 +11.4 +149 
5 21 324.2 267.9 82.6+— 9.9 + 34 
6 24 353.7 199.8 56.64 4.2 — -8 
i 25 334.2 155.8 47 + 4.1 — 24 
Control chicks 20 308.6 162.3 52.84 5.2 
Androgen-fed chicks$ 23 345.6 524.4 149.1 + 13.2 
Jersey cow Before inj. 2 25 248.7 192.0 76.64 5.4 —_ 
#10160 INGBiSe PS il 19 267.6 235.5 Siro) + 13 
2 24 261.8 189.2 719+ 4.4 — 6.5 
3 24 256.4 173.5 67.0 + 3.8 = 13 
4 23 274.5 292.4 100) == On + 30 
5 24 269.9 297.9 HO) sei) + 42 
6 23 279.4 309.8 HK) Seer ioeb) + 43 
Control chicks 24 276.2 WAKG-i 41.34 2.0 
Androgen-fed chicks$ 23 27h 403 148 +414.5 
Jersey cow Before inj. 2 21 256.5 250 9679 ==. 70:9 = 
#544 After ” * i 25 264.5 205 79.8 s= 647 = 22 
2 21 289.5 254.4 88.9 + 7.0 = 38 
33 21 269.5 288.4 106.4+ 7.9 + 9 
a 22 263.0 280 105.5 + 8.4 Se a) 
5 22 278 358 127.1 + 10.8 + 31 
6 20 273.5 318.8 112.0 + 13.4 + 15 
Control chicks 24 252 148.1 584+ 4.7 
Androgen-fed chieks§ 21 274 410 151.3 + 16.9 
elie progesterone admin. daily for 3 successive days. + 1 g progesterone admin. daily for 5 sue- 
cessive days. ¢ Chicks fed androstane-3,17-dione, 10 mg/kg feed. § Chicks fed A*-androstene- 


3,17-dione, 10 mg/kg feed. || Third day fecal sample not collected. 
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TABLE II. Effect of Oral Administration of Pro- 
gesterone on Male Chick’s Comb. 
66 

Cone. pro- 


gesterone Comb 
in feed No.of Avgbody Avgcomb — ratio 
(mg/kg) cockerels wt(g) wt(mg) +S.E. 
0 23 298.7 158.2 52 +4.4 
80 22 312.3 140.6  44.8+4.9 
160 25 


306.8 114.1 


37 +2.4 


secretion which would normally be at a maxi- 
mum in late pregnancy (Table I). 

Discussion. These data demonstrate a sta- 
tistically significant increase in excretion of 
fecal androgen in the male and non-pregnant 
female bovine following injection of proges- 
terone. It is suggested that the androgen 
found in feces of sexually active bovine fe- 
male is a metabolite of progesterone and is 
significantly increased upon injection of exo- 
genous progesterone. 

Since androgen is bioassayed by feeding 
feces to chicks, it has been suggested that pro- 
gesterone might be excreted as such in the 
bovine and then converted to an androgen in 
the chicks’ gut, liver or other organ. However, 
oral administration of progesterone to chicks 
at a level of 40 mg/kg of feed did not stimu- 
late comb growth(16). This report was veri- 
fied by the authors at progesterone levels of 
80 and 120 mg/kg of feed (Table IT). 

In general, two possible modes of biogenetic 
conversion of progesterone to androgens in the 
bovine may be outlined: (1) Conversion of 
progesterone by microorganisms of the bovine 
gastrointestinal tract(2), the 17-hydroxyla- 
tion of progesterone (adrenal gland?) fol- 
lowed by oxidative degradation of the C,; 
side chain. Further research is now underway 
to elucidate these or other possibilities. 

Summary. Sexually mature and pregnant 
cows excrete in their feces appreciable 
amounts of androgen, whereas males and im- 
mature females do not. To determine whether 
progesterone might be the precursor of the 
androgen, 7 male and female bovines were 
given subcutaneously 1 g progesterone daily 
for 3 or more days. Following these injec- 


145 


tions a statistically-significant increase in fe- 
cal androgen was observed in 6 animals while 
a non-significant increase was observed in the 
pregnant cow. These data are believed to in- 
dicate that at least a part of the fecal andro- 
gen normally found in the sexually active bo- 
vine may be derived from progesterone. 


The authors are indebted to Chas. Pfizer & Co., for 
generous supplies of progesterone and androstan- 


edione-3,17. 
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Lack of Synergistic Relationship Bet 


Function. 


ween Thyroid and Salivary Gland 
(21965) 


W.R. Ruecamer. (With assistance of Frances R. Silverman and Raymond Wells, Jr.) 
From the Radioisotope Unit, Veterans Administration Hospital, and Biochemistry Department, 
State University of New York, Syracuse. 


Kirkwood et al.(1-3) have postulated a di- 
rect relationship between activity of thyroid 
gland and ability of salivary glands to clear 
iodine. This group also believes that salivary 
glands play an important role in deiodination 
of such intermediates as diiodotyrosine (DIT) 
and in the control of the circulating blood 
level of thyroid hormone. They have dem- 
onstrated a monoiodotyrosine iodinase system 
in rat salivary glands, and concluded that the 
reverse of this reaction might actually be 
taking place in the intact glands. To test this 
hypothesis, Fawcett and Kirkwood(3)_ fol- 
lowed the deiodination of DIT in salivariec- 
tomized and intact rats, and found that DIT 
was not deiodinated to any appreciable extent 
in the salivariectomized animals. 

Our preliminary observations(4) support 
the conclusion reached by Freinkel and Ing- 
bar(5,6) that the iodide clearance function of 
salivary glands is probably not influenced di- 
rectly by the thyroid, even though the amount 
of iodide cleared by these glands appears to 
correlate with the activity of the thyroid. The 
following data are offered as additional evi- 
dence for this conclusion, and for the belief 
that the deiodination of such thyroid ana- 
logues as diiodotyrosine does not take place 
in the salivary glands. 


Methods. Carrier-free doses of I'*! labeled 
diiodotyrosine, triiodothyronine, thyroxine 
and iodide were administered intravenously 
15 wc/kg body weight to mongrel dogs main- 
tained under sodium pentobarbital anesthesia. 
Saliva samples were collected under Mecholy] 
stimulation, and chromatographed for 18 hr 
on paper, together with 20% trichloracetic 
acid filtrates of plasma in both 80% phenol 
and in 68:2:30 butanol-acetic acid-water mix- 
ture. In the rat experiments, 50 pc doses of 
I'1 diiodotyrosine (DIT) were injected into 
jugular veins of rats anesthesized with sodium 
pentobarbital. Blood samples were with- 
drawn by cardiac puncture and by tail-vein 
sampling one hour after the DIT injection. 
20% trichloracetic acid filtrates were pre- 
pared from these specimens, and chromato- 
graphed for 18 hr with the same solvents used 
in dog experiments. After chromatographs 
were dry, each strip was cut into 10 mm hori- 
zontal sections, and these were counted in a 
Nancy Wood Scintillation Well Counter to an 
accuracy of + 5%. Activities for each spot 
were then totalled and used for subsequent 
calculations of the % deiodination taking 
place and of iodide clearance. 

Results. Irrespective of which of the 4 sub- 
stances was administered, only I'*! iodide was 


TABLE I. Constancy of Salivary Clearance of It Iodide Irrespective of whether Iodide or 
DIT T'** Was Administered, and whether Exogenous Thyroid Hormone Was Fed in the Diet. 


Clearance*- 


‘ay a > 
Todide injeeted DLT injected Iodide injected 
Dog Ebefore Dog E after 
thyroid thyroid 
Time Dog A Dog B Dog C Dog D feeding feeding 
15 min. _- — 33 40 ilyé 19 
2 hr 26 20 34 31 19 26 
ee 27 19 20 40 — — 
Sie 22 19 20 25 14 16 
es 24 20 24 33 = —— 
24.” 27 ily — — 16 21 


expression: Clearance = 


* Clearance is expressed as ce of plasma eleared of I'* iodide per min. and is given by the 
(epm/ce saliva) (ce saliva/min. ) 


(epm/ee plasma) 
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TABLE II. Rate of DIT Deiodination Determined 
from Comparison of I-/DIT Counts on Plasma 
Paper Chromatograms. 


% V* activity appear- 


Time ing as iodide in plasma 
30 min. 30 

Lhr 59 

Zee 70 

ah 75 

By 75 

Sa 80 

ey 78 

24” 80 


found on the saliva chromatograms, indicating 
that thyroid analogues are not cleared by the 
salivary glands in detectable amounts. By 
comparing the I'*! iodide activity found on 
plasma and saliva chromatograms, clearance 
into the saliva remained relatively constant 
over a 24 hr period as shown in Table I. Fur- 
thermore, feeding of thvroid substance at 
0.5% of diet for 2 months, failed to influence 
the clearance of I'*! iodide in the dog (Table 
I). Therefore the amount of iodide cleared 
by salivary glands appears to be a function of 
the plasma level of iodide, and increased blood 
levels of thyroid hormone do not alter this 
clearance. 


Kirkwood e¢ al. have implied that salivary 
glands are the principal site of deiodination. 
We repeated this experiment in salivariecto- 
mized and intact dogs. It was found that 
salivariectomized animals deiodinate DIT at 
the same rate, and to the same extent as con- 
trol animals subjected to mock surgery. This 
deiodination takes place very rapidly, but 10- 
20% of the circulating activity 24 hr later is 
still DIT (Table IT). 


Slices of some tissues and organs of the dog 


TABLE IIT. Relative Distribution of DIT De- 
iodinase in Tissues of Dog. 


% I activity Wt of tissue 


Tissue as iodide slice (mg) 
Liver 17.6 346 
Kidney 6.5 404 
Spleen 2.3 320 
Submaxillary gland 2.5 294 
Parotid 3 2.4 356 
Sublingual 2.4 289 
Skeletal muscle athe: 279) 


* Approximately 2% of Abbott Laboratory IDEA: 
preparation is in the form of iodide as determined 
by our chromatographic methods. 
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were then incubated. in plasma with carrier- 
free DIT at 37°C. At the end of 3 hour in- 
cubation period, trichloracetic acid filtrates of 
the media were chromatographed on paper, 
and the relative amounts of iodide and DIT 
I'8! determined. Of all tissues analyzed, only 
the liver and kidneys possessed significant de- 
iodinase activity (Table III). On a weight 
basis, liver appeared to be more active than 
kidney, and considering the relatively greater 
size of this organ, it might be assumed that 
the liver is the principal deiodination site. To 
determine this experimentally, however, the 
deiodination of DIT was followed in plasmas 
of nephrectomized dogs. It was found that 
deiodination takes place just as rapidly and 
completely in the nephrectomized animal as 
in the control. Additional evidence for the 
relatively minor role played by the kidney is 
given by the fact that appreciable amounts of 
DIT can be found in the urine of intact ani- 
mals for several-hours after the administration 
ODIs 

Because the data obtained in our dog 
studies conflict with those of Kirkwood ef al. 
for the rat, we attempted to repeat their rat 
experiments, using the same experimental 
technics which they described(3). In ‘the first 
experiments however, we employed cardiac 
rather than tail-vein blood samples. We also 
prepared trichloracetic acid filtrates of plasma 
and chromatographed these together with the 
whole plasma samples on the same paper, 
using the butanol-acetic acid-water mixture 
employed by Kirkwood. Deiodination took 
place as rapidly and extensively in salivariec- 
tomized rats as in animals subjected to mock 
surgery. In subsequent experiments, tail-vein 
samples were compared with cardiac samples 
taken from salivariectomized and control ani- 
mals, and it was observed that essentially all 
the activity present in the tail-vein samples 
could be attributed to DIT. Our explanation 
for this discrepancy is that under sodium 
pentobarbital anesthesia, the animals become 
acutely cyanotic and the blood pressure falls 
markedly. Therefore, tail-vein samples are 
not representative of the systemic circulation, 
and any DIT passing into the tail might be- 
come trapped and never recycled to the liver 
for deiodination. Slices and homogenates of 
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the principal tissues of the rat (excluding the 
thyroid) were also assayed for deiodinase ac- 
tivity. As in the case of the dog, only the liver 
and kidneys were found to possess activity. 
Summary. It is believed that the salivary 
glands play no active role in metabolism of 
such thyroid analogues as DIT in the dog. 
The amount of iodide cleared into the saliva 
appears to be strictly a function of the cir- 
culating plasma level of iodide ion and is 
not influenced by exogenous thyroid hormone. 
This clearance will depend of course upon the 
rates with which exogenous diiodotyrosine, 
thyroxine and triiodothyronine become deio- 
dinated. Since neither dog nor rat salivary 
glands appear to contain a DIT deiodinase 
system such as that found in liver and kidney 
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tissue, it is concluded that these glands are 
not involved in the metabolism of DIT nor in 
the control of the circulating blood level of 
this analogue. 
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Incorporation in Adrenal Cortex of C' Labeled Fractions of Klebsiella 


pneumoniae. 


RUSSELL S. JONES AND YOLANDE CARTER. 


*t (21966) 


(Introduced by Richard H. Follis, Jr.) 


From the Department of Pathology, University of Utah College of Medicine, Salt Lake City. 


Crude polysaccharides from Klebsiella 
pneumoniae type B produce severe joint and 
mild cardiac valvular lesions in the guinea 
pig(1). To investigate the pathogenesis of 
the lesions, C™ labeled polysaccharides have 
been prepared and the distribution of the label 
followed in the animal tissues. The present 
report deals with (a) the adrenal cortical lo- 
calization of the polysaccharide fractions; 
(b) comparison of incorporation of the poly- 
saccharide with the whole organism and cer- 
tain crude protein fractions in the adrenal; 
and (c) attempts to establish the mechanism. 

Methods and materials. Klebsiella pneu- 
moniae type B organisms were grown for 16 
hours on peptone-glucose agar plates contain- 
ing either 1-C™ sodium acetate or uniformly 


* A portion of the data herein presented was given 
at the meeting of the Fed. Am. Soc. for Exp. Biol.(2), 
San Francisco, April 1955. 

t This investigation was supported, in part, by a 
research grant (H-1842) from the National Heart 
Institute, National Institutes of Health, U. S: Public 
Health Service. 


labeled d-glucose in concentrations ranging 
from 2 to 25 pc per ml of media. Bacteria 
were gently scraped from the agar. Crude 
polysaccharides were obtained by acid (A) 
and alkaline (B) extraction technics of Wong 
(3). The debris (C) remaining after acid 
extraction was separated into 2 fractions by 
cold trichloracetic acid to a concentration of 
5% (w/v); the supernatant (D) was dia- 
lyzed against running water and evaporated 
to dryness over a steam bath. A portion of 
the trichloracetic acid precipitate (E) was 
washed with cold trichloracetic acid, then ex- 
tracted 2 times with trichloracetic acid at 
90°C for 10 minutes as for isolating nucleic 
acid (F)(4). Fractions (E) and (G) were 
insoluble in water and 0.85% sodium chloride 
and have not been studied in animals. The 
maximum absorption of the nucleic acid frac- 
tion (F) was at 260 mp. Except for (D), the 
fractions were dissolved in 1% concentration 
in 0.85% sodium chloride, autoclaved and in- 
jected in less than 1 ml total volume into the 
ear veins of male and female guinea pigs 
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TABLE I. Incorporation of C“ into Certain Fractions of Klebsiella pnewmoniae. 


1-C™ acetate (0.5 me) in agar media (30.0 ml) 


Whole organisms 
100 mg dry wt 


Acid extraction 


| 
Crude bacterial debris (C) 
67.5 mg 
0.320 pe/mg 
21.60 ue total 


Cold TCA extraction 
| 


| 
Soluble 


| 
Crude polysaccharide (A) 
32.5 mg 
0.500 pe/mg 
16.25 we total 


| 
Insoluble (E) 


0.223 ue/mg 


| 
Non-dialyzable (D) 
36.0 mg 
0.0309 ue/mg 
1.116 ye total 


Dialyzable 


| 
Soluble (F) 
(nucleie acid) 
0.167 ue/mg 


Hot TCA extraction 


| 
Insoluble (G) 
0.125 pe/mg 


weighing 200-250 g at the beginning of the ex- 
periment. Whole bacteria were suspended in 
0.85% saline, autoclaved and similarly in- 
jected. The lethal toxicity of the whole killed 


bacteria, and the bacterial debris (C), pre- 


vented the injection of quantities greater than 
1.0 and 0.3 mg respectively. Urine was col- 
lected for the first 48 hours and at various 
daily intervals thereafter. During the collec- 
tion of the urine, the guinea pigs were placed 
in glass containers and fed only cabbage sup- 
plement instead of their usual stock diet (Pur- 
ina rabbit pellets). Animals were weighed 
weekly and sacrificed at varying intervals up 
to 2 months. Duplicate samples of organs or 
tissues were taken; one set was used for his- 
tologic examination and radioautography, the 
other set for grinding with distilled water in a 
Potter homogenizer, plating and counting in 
the proportional region with a windowless flow 
counter. The per cent incorporation in tissues 
or organs is expressed in two ways: (a) per 
total organ or tissue; (b) per g of dry tissue 
per kg body weight, ((activity per g tissue/ 
total dose) x (body weight) x 100). 
The latter affords a unit comparison of the ac- 
tivity in different organs and tissues, is useful 
for tissues of uncertain total weight such as 


lymph nodes, and compensates for the gain in 
organ weights with growth. Radioautographs 
were made by sandwich technics on no-screen 
x-ray emulsions with exposures up to 3 
months at 4-6°C. This provides fair histologic 
detail, but unsatisfactory cytologic detail. 
For comparison with guinea pigs, 6 mice were 
injected with acid-extracted polysaccharide 
(A) by tail vein and sacrificed at 1, 3, 7, 14, 
30, and 60 days and examined as above. As 
controls for the labeling of adrenal tissue with 
noncolloidal material, 1-C'* sodium acetate, 
d-glucose, d-sucrose, and dl-sodium glutamate 
1-C™ were heat-sterilized and given alone and 
with 2 mg of labeled acid-extracted polysac- 
charide (A) in comparable isotopic amounts. 
To determine the chemical association of the 
incorporated crude polysaccharide in the 
adrenal cortex, the protein and lipid fractions 
of adrenal homogenates were separated by tri- 
chloracetic acid to 4% concentration (w/v) 
and ethyl ether extraction respectively. The 
radioactivity of the various fractions from 
these 2 procedures was determined. 

As a control for reticuloendothelial activity, 
colloidal Au1®* was injected into 3 animals 
sacrificed at 1, 3, and 7 days; tissue activities 
were determined and radioautographs were 
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FIG. 1. Comparison of incorporation of various fractions of Klebsiella pneumoniae into the 
adrenal. 


made in the same manner as for the other ani- 
mals. Autoclaved undiluted Higgins india 
ink in % ml quantity was injected into 3 
guinea pigs sacrificed at 3, 7, and 14 days; 
routine microsections were prepared. 

Results. Incorporation into fractions of 
bacteria: The C™ of the acetate in the media 
is incorporated into all of the fractions of the 
bacteria which have been studied. The crude 
acid-extracted polysaccharide (A) has the 
highest activity and the cold TCA-soluble 
fraction (D), the lowest (Table I). The 
crude polysaccharide obtained by alkaline- 
extraction (B) has activity of 0.183 pc/mg 
in comparison with the crude bacterial debris 
activity of 0.3955 ywc/mg. Extraction pro- 
cedures have not been carried out on this bac- 
terial residue. The polysaccharides obtained 
by the acid and alkaline extraction technics 
have a chemical composition similar to that 
previously reported(1). 

Incorporation into organs and tissues of 
animals: After intravenous injection in 
guinéa pigs of the various bacterial fractions, 
little remains in the plasma after 7 days 
(Table I1).° There is no appreciable labeling 
of the erythrocytes or leukocytes. The great- 
est loss'in' the urine occurs with the crude bac- 
terial''debris'(C) and the nucleic acid (F). 


About the ’'same percentage loss occurs with: 


large as with small’ doses of the acid-extraction 


polysaccharide (A) (Table Il). The activity 
in the urine parallels the activity in the 
plasma and is not in the form of carbonate or 
bicarbonate. The organs having the greatest 
activity, whether on total organ or unit-weight 
basis, are the adrenal, spleen, liver, lung, and 
cervical lymph nodes. The latter are consis- 
tently higher than the tracheobronchial or 
mesenteric lymph nodes; the mesenteric node 
is listed in Table II, for comparison with other 
studies. After the injection of the 2 crude 
polysaccharides, (A) and (B), the activity in 
the adrenal is well maintained for 4 weeks and 
is present in considerable concentration by the 
end of 2 months. By contrast, the activity 
in the spleen, liver, lung, and other organs de- 
clines after the first week and is barely detec- 
table at the end of one month and not de- 
tectable at 2 months. While the greatest 
quantity is usually in the liver, the adrenal 
has by far the highest concentration per gram 
of tissue. The radioautographs reveal this 
activity to be in the zona fasciculata of the 
cortex and to be absent in the medulla (Fig. 
2). In animals dying during the first day, the 
adrenals are engorged and microsections oc- 
casionally disclose zones of hemorrhage and 
minute areas of necrosis, usually in the inner 
cortex. In animals sacrificed at subsequent 
intervals, no histologic changes are detectable 
even though the radioactivity is relatively 


TABLE IT. % Incorporation in Guinea Pig Tissues at Optimal Time, 1 and 2 Weeks. 


Pitui- 


Mesenteric 


Loss 11 
urine, % 


lymph node, tary, 
g/kg 


Lung 
Total g/kg 


Liver 
Total g/kg 


Spleen 


Total g/kg 


Adrenal 
Total g/kg 


Plasma 


Total g/kg 


Weeks 


L.V. dose, 
mg 


g/kg 


12 
14 


oo 


5.0 


Acid extraction poly- 
saccharide (A) 


aS 


ADRENAL 


NS 


in 


10.9 
6.0 


See 


es 
oo 4 


Whole, killed bacteria 


0 
0 


eon 


oO 


+99 


polysaccharide (B) 
Bacterial debris (C) 


Alkaline extraction 
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13.6 


4.1 


~~ 


8.1 


2.6 


vm Ol 


0 
0 
4.9 


1.0 


Nucleic acid (F) 


3.5 


~o 


12.0 


TCA soluble (D) 


high. The simple extraction procedures with 
water, fat solvents, and trichloracetic acid 
show there is no significant labeling of lipid, 
but do not establish whether the labeled sub- 
stances are protein or carbohydrate or both. 
Further investigation is, of course, needed to 
determine the nature of the labeled moieties. 
There is no appreciable adrenal incorporation 
of C™ from glutamic acid, glucose, sucrose, or 
acetate. In the spleen, the activity is in the 
red pulp, but not the Malpighian bodies and 
in the lymph nodes the radioactivity is present 
in the reticuloendothelial areas and not the 
lymph follicles. The distribution in mice is 
not the same as in guinea pigs, there being a 
greater activity in a gram of liver than of the 
adrenal or spleen. 

India ink and colloidal gold: Variable sized 
particles of carbon from the india ink are 
found in the lung, liver, and spleen in the ex- 
pected area. Some thromboses of pulmonary 
arteries and capillaries contain considerable 
black pigment. Fine black particles occur in 
the hepatic cord cells. Only traces of pigment 
can be detected in the microsections of 
adrenal. This pigment is in the sinusoidal 
epithelium and rarely in the cortical cells. The 
total activity and amount. of colloidal gold 
given to the guinea pigs is not recorded, but 
the ratios of organ activities per gram dry 
weight at one week are as. follows: Adrenal 
1.0, spleen 23.36, liver 14.2, lung 0.13, mesen- 
teric node 0.087, and pituitary 0.0157. Thus, 
colloidal gold does not have the distribution 
of the bacterial fractions and differs from the 
distribution of india ink particles in the lung 
and adrenal. 

Discussion. The distribution of Ct Ia- 
beled polysaccharides in the guinea pig is 
similar to that observed in mice and rabbits 
with I'*! and dye-tagged antigen(5-7) and 
with fluorescent antibody(8) with the excep- 
tion of a remarkably high concentration in the 
adrenal cortex of the guinea pig. In:current 
theory there are three mechanisms: for incor- 
poration of the C' label into the adrenal cor- 
tex: (a) cellular phagocytosis and. storage of 
certain large molecular moieties of the non- 
homogeneous bacterial..fractions, (b). incor- 
poration of a simple molecular: constituent 
into a protein or carbohydrate component of 
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FIG. 2. Radioautograph of adrenal: 


(A.) of guinea pig given 5.0 mg of acid-extracted poly- 


saccharide. Comparison with H & E stained microsection. (B.) reveals activity to be in outer 
cortex with slight activity in inner cortex and no activity in medulla. Exposure 6 wk on no- 
sereen x-ray film. 


the adrenal cortical cells, and (c) metabolic 
utilization of some simple molecular constitu- 
ents such as a hexuronic acid. 

The long persistence of the radioactivity in 
the adrenal argues against a metabolic utiliza- 
tion of a simple molecular constituent. The 
radioactivity also persists in the adrenal while 
disappearing from the accepted sites of more 
active reticuloendothelial activity such as 
spleen and liver. Studies on the behavior of 
colloidal substances do not clarify the appear- 
ance of the label in the adrenal cortex. Size 
alone has some bearing upon the localization 
in the different tissues of the reticuloendo- 
thelial system(9,10), particles of larger size 
showing rapid deposition in the liver and 
spleen and colloids of smaller particle size be- 
ing deposited more slowly but in greater con- 
centration in the bone marrow and spleen. In 
the former study(9), the adrenals contained 
only 0.002% of injected dose as compared to 
the bone marrow value of 44.0; spleen, 1.3; 
and liver 3.7%. Further study of the nature 
and behavior of colloids is needed to explain 
the differences in localization and storage of 
protein and polysaccharide antigens and of 
the various colloids of greater particle size. 
The values in mice as well as guinea pigs are 
quite different from the observations of anti- 


gen localization of Friedlander’s capsular poly- 
saccharide in mice(8) and of I?* protein anti- 
gens in rabbits(7). 

The present study shows a rough parallel- 
ism between the degree of labeling of the bac- 
terial fraction and the concentration of C™ in 
the adrenal. For example, the acid-extraction 
polysaccharide (A) comprises 32.5% by dry 
weight and 42.9% of the C™ in the bacteria, 
while the TCA-soluble fraction (B) of debris 
represents 36% by weight and 0.29% of the 
radioactivity. Depending on dosage given, 
the optimal polysaccharide label incorporation 
(% g/kg) in the adrenal is 6 to 22 while that 
of fraction (D) is but 0.7 (Table II). As yet 
a similar parallelism between reducing sugar 
content of the bacterial fraction and the con- 
centration in the adrenal has not been estab- 
lished, but some chemical affinity of the 
adrenal cortex, whether for colloids or smaller 
molecules, is apparent. 

The incorporation of such foreign bacterial 
products may prove to be of considerable sig- 
nificance in so-called stress responses, in the 
electrolyte disturbance and carbohydrate 
metabolism with infections, antigen antibody 
relationships, “‘collagen-vascular” diseases, 
and in ascorbic acid metabolism. 

Summary. In the guinea pig the adrenal 
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cortex is the site of the greatest concentration 
of C™ after the intravenous injection of la- 
beled polysaccharide and protein fractions of 
Klebsiella pneumoniae. This concentration 
persists for two months, while the activity of 
liver, spleen, lung and other organs declines 
and disappears. In general, the bacterial frac- 
tion with the highest incorporation of C!4 
from the media yields the greatest incorpora- 
tion in the adrenal. 
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Recent investigations have established the 
role of alpha-thioctic acid (lipoic acid) (6,8 
dithio-octanoic acid) as essential cofactor for 
metabolism of alpha-keto acids in both bac- 
teria and animal tissue. This vitamin was first 
described by Kidder and Dewey as ‘“Proto- 
gen,” an essential growth factor for Tetrahy- 
mena geleii, present in liver and yeast; more 
recently its identity with “Pyruvate Oxidation 
Factor” of O’Kane and Gunsalus and ‘‘Ace- 
tate Replacing Factor” of Guirard has been 
established. The compound has been crystal- 
lized from liver and chemically synthesized. 
Thioctic acid is essential for oxidation of py- 
ruvate by cells of Streptococcus fecalis, grown 
on thioctic acid-free medium, and is inti- 
mately associated with pyruvic oxidase and 
alpha-keto glutaric oxidase recovered from 
pigeon breast and pig heart muscle respec- 
tively. The role of this compound has been 


* Supported in part by a grant from the Nutrition 


Foundation. 
+ Fellow of the National Foundation for Infantile 


Paralysis. 


defined in the transfer to coenzyme A of the 
2-carbon acetyl fragment obtained by oxi- 
dative decarboxylation of pyruvate and the 
4-carbon succinyl fragment resulting from oxi- 
dative decarboxylation of alpha-keto glutar- 
ate. These developments have recently been 
extensively reviewed by Reed(15) and Gun- 
salus(7). The role of thioctic acid in animal 
nutrition has not been defined. No symptoms 
can be induced, nor can growth be diminished, 
in rats, by feeding a diet deficient in thioctic 
acid and simultaneously depressing possible 
intestinal bacterial synthesis of thioctic acid 
by feeding antibiotics(21). Feeding of an 
antimetabolite, the 8-methyl analogue of thi- 
octic acid, which inhibits growth for some bac- 
teria, produces no symptoms in chicks and 
rats(22). Impaired alpha-keto acid metabol- 
ism in severe human hepatic dysfunction (1, 
2,19) and in experimental hepatic necrosis in 
rats(12,16) has been reported, and the im- 
portance of sulfur-containing amino acids in 
maintaining integrity of the liver is well recog- 
nized(5,16). 
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Therefore it was decided to investigate thi- 
octic acid content of liver and its relationship 
to pyruvate metabolism in hepatic injury pro- 
duced in rats by prolonged feeding of ethi- 
onine(9). This amino acid is the ethyl ana- 
logue of methionine and interferes with util- 
ization of methionine in protein synthesis(18). 

Method. Female rats of the Wistar strain, 
weighing 110 to 150 g, were placed on follow- 
ing diet, to which dl-ethionine was added to a 
final concentration of 0.5%: Sucrose 75%, 
vitamin-free casein (Nutritional Biochemical 
Corp.) 16%, salt mixture (HMW) 4%, and 
corn oil 5%. Thiamine 10 mg, niacinamide 40 
mg, pyridoxine 10 mg, riboflavin 20 mg, cal- 
cium pantothenate 40 mg, choline chloride 300 
mg, menadione 5 mg, Vit. A 60000 units, and 
irradiated ergosterol 8500 units were added to 
each kg of diet. Other rats were simultaneously 
maintained on above diet without ethionine 
and were either fed ad libitum or pair-fed in 
amounts equal to those consumed by ethi- 
onine-fed animals. After 21 to 35 days on 
the diet, and after a 16- to 20-hour fast, the 
rats were killed by decapitation. At sacrifice, 
blood was collected from the neck and pyruvic 
acid determined by the method of Friedemann 
and Haugen(4). Livers were immediately ex- 
cised and homogenized in 9 parts of chilled 
isotonic sucrose in glass homogenizer at 4°C. 
The homogenate was centrifuged 10 minutes 
at 600 x g to sediment nuclei and cellular de- 
bris. Supernate was then centrifuged at 9000 
x g for 10 minutes to precipitate the mito- 


chondria. The mitochondrial preparation was 
TABLE I. Uepatie Mitochondrial Pyruvate Oxi- 
dation.* 

No. of Mean Qo./mg 

Diet animals protein + §.E. 

Control, fed ad lid. 3 6645.8 
Se DaiteLed 7 69 + 2.7 
Ethionine 13 36 + 1.3 


* Results expressed as yl O, taken up/hr/mg 
mitochondrial protein (based on oxygen uptake in 
first 10 min.). 

Flask contents: Na pyruvate .02 M; Na fumar- 
ate 6.7 x 10> M; KCl .05 M; Me SO, .002)M: 
ATP .001 M; DPN 2 X 10 M; Niacinamide .01 
M; Cytochrome C1 X 10° M; PO, .02 M, pH 7.85. 
Mitochondrial suspension containing 8-12 mg pro- 
tein. 

Flask vol.: 3 ml, 20% KOH in center well. 

Temperature, 37°; gas phase, O,; thermequili- 
bration, 5 min. 


resuspended in 2 ml of isotonic sucrose per 
original gram of wet liver and reprecipitated 
at 14000 x g for 10 minutes. Mitochondria 
were then resuspended in isotonic KCl. Both 
kidneys were also excised and homogenized in 
15 ml distilled water. Mitochondrial pyru- 
vate oxidation was measured by the Warburg 
method, with flask contents as in Table I. 
Mitochondrial protein was determined, in 
quadruplicate, by the method of Lowry e¢ al. 
(11). Thioctic acid determination was ac- 
complished, according to the method of Stok- 
stad et al.(20), by turbidometric assay of the 
stimulation of growth of Corynebacterium 
bovis.+ The original medium was modified to 
stimulate maximal growth by addition of 1.5 
g of enzyme-hydrolyzed casein/liter of double 
strength medium. The enzyme hydrolyzed 
casein (Trypticase-Baltimore Biological Lab- 
oratories) and acid hydrolyzed casein (Vita- 
min-free Casamino Acids-Difco) were ad- 
sorbed with charcoal, extracted with benzene 
at pH 3, and then readsorbed with charcoal 
at pH 6 to remove any residual thioctic acid. 
Dl-methionine, 0.5 g, was added to each liter 
of double strength medium to counteract any 
inhibition of growth of test organism which 
might be produced by ethionine, as previously 
described for Escherichia coli(8). However. 
no significant inhibition of growth of Coryvne- 
bacterium bovis due to ethionine, at concen- 
trations ranging from 10 to 10° M, could be 
detected. To free biologically-inactive, bound 
thioctic acid(6,13), 1 ml aliquots of liver or 
kidney homogenate and | ml aliquots of mito- 
chondrial suspension containing 5 to 10 mg of 
protein/ml were autoclaved with 1 ml of 12 
N H:SO, for 3 hours at 120°C and 15 Ibs 
pressure. The digests were neutralized with 
concentrated KOH and diluted to final con- 
centration of 0.4 to 4.0 my of d-alpha-thioctic 
acid/ml. Urines, collected from fasting rats 
kept in metabolism cages for 48 hours, were 
diluted to a similar concentration. The di- 
luted samples were filtered and 2.5 ml aliquots 
were added to 2.5 ml of double strength me- 
dium, in quadruplicate, so that final concen- 


t We are indebted to Dr. E. L. R. Stokstad of the 
Lederle Division, Amer. Cyanamid Co., for the stock 
culture of Corynebacterium bovis and generous sup- 
plies of dl-q-thioctic acid. 
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TABLE II, Hepatie Mitochondrial Oxidation,*. 


— Substrate— — ———_, 
No. of Pyruvate 60 uM O, uptake due to 
Diet animals Fumarate 2 uM Fumarate 2 4M added pyruvate 
Control, pair fed 5 SENT aR te ee, 
Ethionine 6 37 + 2.2 28 = 3.0 ose Cri 


* Results expressed as mean yl O, uptake/hr/mg mitochondrial protein + S.E. Flask con- 


tents as per Table I, with pyruvate omitted as indicated. 


tration of d-alpha-thioctic acid ranged from 
0.2 to 2.0 my/ml. The tubes were then inoc- 
ulated with one drop of a_ saline-washed 
48-hour culture of C. bovis, grown in basal 
medium enriched with thioctic acid. Inocu- 
lated tubes were incubated 88 hours at 30°C, 
and growth measured turbidimetrically in a 
photospectrometer. Optical density, prior to 
inoculation, of the relatively dark solutions 
obtained by liver digestion, was subtracted 
from the optical density following incubation, 
to find the increment in turbidity due to bac- 
terial growth. A standard curve, obtained by 
measuring growth resulting from addition of 
known amounts of synthetic dl-alpha-thioctic 
acid? (having one-half the biologic activity of 
naturally occurring d-isomer) to the basal 
medium, was established simultaneously for 
each group of samples. At final concentra- 
tions of 0.2 to 2.0 my d-alpha-thioctic acid/ 
ml, values obtained from unknowns were re- 
producible without a constant tendency to up- 
ward or downward “drift”; values falling out- 
side above range were discarded. 

Results. Rats fed the diet containing ethi- 
onine lost weight more rapidly than pair-fed 
controls. At autopsy, the livers were grossly 
enlarged, pale, firm, and granular. Micro- 
scopic examination revealed lobular disar- 
rangement, marked variation in cell size, cel- 
lular swelling and cytoplasmic coagulation, 
with marked inflammatory cell and fibroblas- 
tic infiltration and slight fibrosis, as previously 
described by Koch-Weser and Popper(9). 
Kidneys were enlarged, soft, and pale. Micro- 
scopic examination revealed marked tubular 
hydropic degeneration. A similar lesion oc- 
curring following acute injection of ethionine 
has been described(23). 

Impaired pyruvate metabolism in intact 
animals, following prolonged ethionine feed- 
ing, was suggested by a significant (p<.02) 


terminal elevation in fasting blood pyruvate 
levels from 2.9 + .39 mg% in pair-fed con- 
trols to 4.2 + .29 mg% in ethionine-fed ani- 
mals. Pyruvate oxidation by mitochondrial 
preparations from livers of animals fed ethi- 
onine was markedly diminished (Table I). 
While mitochondria from livers of control ani- 
mals maintained uniform pyruvate oxidation 
rate for over 40 minutes, the rate of pyruvate 
oxidation by mitochondria obtained from liv- 
ers of ethionine-fed animals declined progres- 
sively during each 10 minutes of incubation. 
Hourly oxygen uptake per mg of mitochon- 
drial protein was calculated on the basis of 
oxygen consumption during the first 10 min- 
utes, to minimize above difference. The endo- 
genous oxygen consumption by mitochondria: 
in absence of substrate was negligible. When 
pyruvate was omitted from the flasks, the sole 
remaining substrate was 2 wmoles of fumarate 
“sparker” per flask. When oxygen uptake in 
presence of fumarate alone was subtracted 
from oxygen uptake in presence of fumarate 
plus pyruvate, the added oxvgen consumption 
due to presence of pyruvate was markedly 
greater in mitochondria from livers of control 
animals than in ethionine-fed rats (Table IT). 
These differences were highiy — significant 
(p.<2.001): 

The thioctic acid content of liver per gram 
wet weight was essentially similar for rats fed 
chow ad libitum, and for rats fed ethionine- 
free diet ad libitum and in limited amounts 


(Table III). The mean value for control ani- 


mals of 1.2 y of d-alpha-thioctic acid per g wet 
liver is of the same order of magnitude as pre- 
viously reported values(6,13). However, a 
marked decrease in thioctic acid content to 
0.4 y/g was found in livers of ethionine-fed 
rats. When the observed thioctic acid con- 
tent was corrected for the increase in liver size 
noted in ethionine-fed rats, by expressing the 
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TABLE III. Thioctic Acid Content* of Rat Organs. 


Liver ne Kidney : 
No. of 7/100 g in- No. of _7/100 g in- 
Diet animals y/g wet wt itial body wt animals y/g wet wt itial body wt 
Ghow. ae a > “ee io a= — — 
Control, fed ad lib. 13 Ih se (Off 4.0 + .27 6 Uae lle ie opet lal 
op aliteted 10 retort 4.6 + .38 4) 1.4 + .10 Isa A i(0) 
Ethionine 15 4+ .05t 1.7 + 21 i) 123) S= l eo ates) 


* Results expressed as y of d-a-thioetic acid/g of wet organ and as y of total liver or kidney. 


d-a-thioctie acid/100 g of rat body wt prior to beginning experimental diet. (Mean + 8.E.) 


+ For difference between livers of pair fed controls and ethionine-fed animals, p<.001. 


results in terms of total liver d-alpha-thioctic 
acid/100 g original body weight, prior to 
starting on diet, the presence of an absolute 
decrease in hepatic thioctic acid from 4.6 to 
1.7 y of d-alpha-thioctic acid per 100 g of 
original body weight was established, at a 
highly significant (p<.001) level (Table 
LoD)e 

Thioctic acid content of mitochondria ob- 
tained from livers of ethionine-fed animals 
was also significantly (p<.001) diminished, 
from 27 to 8 my of d-alpha-thioctic acid/mg 
of mitochondrial protein (Table IV). He- 
patic depletion of thioctic acid was apparently 
uniform in the mitochondria and in other por- 
tions of the cell, since the percentage of total 
hepatic thioctic acid which could be recovered 
from mitochondria was approximately equal 
in both control and experimental animals. 
The values of 67 and 62% respectively coin- 
cide closely with the 64% reported by Reed 
and Cormier(14). 

Kidney was found to contain approximately 
1.3 y of d-alpha-thioctic acid/g wet tissue; 
this value approximately equals the amount 
found in liver and confirms the observations 
of Reed, et al.(13) who found approximately 
equal amounts of “Acetate Replacing Factor” 
activity in rat liver and kidney. No signifi- 
cant relative or absolute diminution of renal 
thioctic acid content could be detected in ani- 
mals fed ethionine (Table III), in spite of 
anatomic damage to the kidneys. This is 
compatible with previous reports that the 
chemical dysfunction induced by ethionine in- 
toxication is not as severe in kidney as in liver, 
the incorporation of amino acids into proteins 
following ethionine injection being much more 
impaired in liver than in kidney(18). 

The 24-hour urine excretion of thioctic acid 


was slightly greater in fasting ethionine-fed 
rats than in pair-fed controls. The values of 
330 and 230 my of d-alpha-thioctic acid per 
24 hours respectively fall within the normal 
range of 100 to 500 my per 24 hours previ- 
ously observed by Stokstad, et al.(21). The 
difference between the 2 groups, however, is 
significant only at the .05 level. Apparently, 
a general impairment of thioctic acid synthesis 
does not exist in ethionine-fed rats. 
Diminished pyruvate oxidation by liver 
mitochondria from ethionine-fed rats could 
not. be restored by in vitro addition of 1 y of 
dl-alpha-thioctic acid to the flask mixture. In- 
jection of 60y of dl-alpha-thioctic acid into 
ethionine-fed rats at 96, 72, and 48 hours 
prior to sacrifice did not increase hepatic 
mitochondrial thioctic acid content above that 
found in untreated animals (Table IV). 
Discussion. The demonstrated defect in 
mitochondrial pyruvate oxidation is probably 
not due to thioctic acid depletion. It is known 
that thiamine pyrophosphate, diphosphopyri- 
dine nucleotide, thioctic acid, coenzyme A, 
and specific protein apooxidases are all re- 
quired to maintain pyruvate oxidation(15). 
DPN has been observed to diminish in livers 
of ethionine-fed rats(17). Coenzyme A 
originates in part from methionine and cystine 
(24) and is diminished in livers of rats fed a 
diet deficient in sulfur-containing amino acids 
(3, 12). Since ethionine interferes with nor- 
mal metabolism of methionine, it is possible 
that the coenzyme A content of mitochondria 
is also diminished. Moreover, ethionine di- 
minishes protein synthesis(18) and is incor- 
porated in synthesized abnormal proteins 
(10); therefore the apoenzymes required for 
pyruvate oxidation may be deficient. In spite 
of the observed depletion of mitochondrial 
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TABLE IV. Thioctic Acid Content* of Liver Mitochondria. 


=== SE Se Se ee ee 
ooo eee 


— 


No thioctic acid injection ————_, 


Inj.t with thioctic acid 


% of total liver 


Mitochondrial thioctie acid Mitocionaaal 
No. of thioetie acid recovered from No. of thioetie acid 
Diet animals content mitochondria animals content 
Control, fed ad lib. 5 32 + 2.7 _ — — 
ve ; pair fed 10 27 + 2.6 67+ 8 3 25 + 3.0 
Ethionine 10 8 + 1.0 6245 3 6+ 1.5 


“Results expressed as my d-a-thioctie acid/mg mitochondrial protein (mean ae Seldh))e 
t Injected with 60 y dl-a-thioctic acid 96, 72, and 48 hr prior to sacrifice. 


thioctic acid in these animals, addition of thi- 
octic acid in vitro does not increase the 
diminished pyruvate oxidation observed in 
liver mitochondria. Probably, a variety of 
factors other than thioctic acid depletion 
probably contribute to the pyruvate oxidation 
defect. 


A general impairment of thioctic acid syn- 
thesis does not exist in ethionine-fed rats and 
therefore cannot account for diminished he- 
patic thioctic acid content. Since thioctic 
acid injection does not increase thioctic acid 
content of liver mitochondria in ethionine-fed 
rats, it appears possible that thioctic acid 
binding mechanism of liver may be damaged 
by ethionine feeding, possibly due to impaired 
synthesis of apoenzymes to which thioctic acid 
is bound, or due to impaired synthesis of en- 
zymes which catalyze protein binding of thi- 
octic acid or its conversion to the form in 
which it is biologically active. 


Summary. Terminal blood pyruvic acid 
level was elevated in rats with liver lesions in- 
duced by feeding a diet containing ethionine. 
Pyruvate oxidation by mitochondria from liv- 
ers of these rats diminished. The hepatic con- 
tent of thioctic acid was decreased relative to 
control animals; the thioctic acid content of 
liver mitochondria was also reduced. Jn vitro 
addition of thioctic acid did not stimulate the 
diminished hepatic mitochondrial pyruvic acid 
oxidation. Undiminished urinary excretion of 
thioctic acid, failure of thioctic acid injection 
to increase the diminished hepatic mitochon- 
drial thioctic acid content, and normal kidney 
thioctic acid content suggest that total body 
thioctic acid synthesis is unimpaired but that 
hepatic thioctic acid “‘binding” is impaired, in 
rats fed a diet containing ethionine. 


The author wishes to thank Dr. Albert I. Mendel- 
off, who suggested this project, and under whose 
supervision the studies were carried out. 


1. Amatuzio, D. S., and Nesbitt, S., J. Clin. Invest., 
1950, v29, 1486. 

2. Carfagno, S. C., De Horatius, R. F., Thompson, 
C. M., and Schwarz, H. P., New Eng. J. Med, 
1953, v249, 303. 

3. C@hernick, Sys. Moe, J. (G.and) Schwarz, ake, 
Fed. Proc., 1955, v14, 191. 

4. Friedemann, T. E., and Haugen, G. E., J. Biol. 
Chem., 1943, v147, 415. 

5. Goettsch, M., Ann. N. Y. Acad. Sci., 1954, v57, 
839. 

6. Gunsalus, I. C., Struglia, L., and O’Kane, D. J., 
J. Biol. Chem., 1952, v194, 859. 

7. Gunsalus, I. C., J. Cell. Comp. Physiol., 1953, 
VA Lem SUUD Dem ymelel 3) 

8. Harris, J. S., and Kohn, H., J. Pharm. and Exp. 
Therap., 1941, v73, 383. 

9. Koch-Weser, D., and Popper, H., Proc. Soc. Exp. 
Brot. AND Mep., 1952, v79, 34. 

10. Levine, M., and Tarver, H., J. Biol. Chem., 
1951, v192, 835. 

11. Lowry, O. H., Rosebrough, N. J., Farr, L. A., 
and Randall, R. J., ibid., 1951, v193, 265. 

12. Olson, R. E. and Dinning, J. S., Ann. N. Y. 
Acad. Sci., 1954, v57, 889. 

13. Reed, L. J., DeBusk, B. F., Johnston, P. M., 
and Getzendaner, M. E., J. Biol. Chem., 1951, v192, 
851. 

14. Reed; L. J., and Cormier, M: J.; Proc. Soc: 
Exp. Brot. AND Mep., 1951, v77, 724. 

15. Reed, L. J., Physiol. Rev., 1953, v33, 544. 

16. Schwarz, K., Ann. N. Y. Acad. Sci., 1954, v57, 
878. 

17. Shank, R. E., Mendeloff, A. I. and Karl, M., 
J. Clin. Invest., 1953, v32, 603. 

18. Simpson, M. V., Farber, E., and Tarver, H., 
J. Biol. Chem., 1950, v182, 81. 

19. Smith, L. H., Ettinger, R. H., and Seligson, D., 
J. Clin. Invest., 1953, v32, 273. 

20. Stokstad, E. L. R., Hoffman, C. E., and Belt, 


158 DESTRUCTION oF VIRUS HEMAGGLUTINATION INHIBITOR 


M., Proc. Soc. Exp. Brot. AND Mep., 1950, v74, 571. 
21. Stokstad, E. L. R., Broquist, H. P., and Patter- 
son, E. L., Fed. Proc., 1953, v12, 430. 
22. Stokstad, E. L. R., zbid., 1954, v13, 712. 
23. Wachstein, M., and Meisel, E., Proc. Soc. Exp. 


BroL. AND Mep., 1951, v77, 648. 
24. Yang, C. S., and Olson, R. E., Fed. Proc., 1954, 
v13, 482. 


PS.EB.M., 1955, v90. 


Received July 5, 1955. 


Destruction of Virus Hemagglutination Inhibitor of Egg-White by Newcastle 


Disease Virus.* 


(21968) 


Witi1am H. McCoLium aAnp C. A. BRANDLY. 


From the Department of Veterinary Science, University of Wisconsin, Madison. 


The viruses of mumps, influenza and New- 
castle disease cause agglutination of certain 
mammalian red blood cells (RBC) by con- 
necting these cells and forming a lattice-like 
matrix. If the ratio of virus and RBC is con- 
trolled, the reaction can be observed visually. 
In most instances the virus elutes or dissoci- 
ates from the RBC after an indefinite time fol- 
lowing mixing of the virus and red cells. The 
virus-treated cells are no longer capable of 
being “rebridged”’ by the virus but the virus 
retains its capacity to act again on untreated 
celis(1). 

It is now known that normal ferret serum, 
serum from other animal species(2), a variety 
of tissue suspensions(3), ovalbumin(4), cow’s 
milk(5), etc., will inhibit viral hemagglutina- 
tion (HA). Inhibitor present in all of these 
substances seems to be very similar in compo- 
sition to the “virus receptor’ substance of 
the surface of erythrocytes which is commonly 
regarded as mucoprotein(6,7). Viruses of the 
mumps-Newcastle-influenza group can enzy- 


* The work here reported is a portion of that com- 
pleted by McCollum in partial fulfillment of the re- 
quirements for the doctor of philosophy degree from 
the University of Wisconsin in 1954 and was supported 
jointly by funds from the U. S. Department of Agri- 
culture, Agricultural Research Service, Animal Dis- 
eases and Parasites Branch; from the Regional Tech- 
nical Committee on Newcastle Disease of the North 
Central States; and from the Wis. Agr. Exp. Station. 
Published with the approval of the Director of the 


Wis. Agr. Exp. Station, as paper NS ........... of the 
Dept. of Veterinary Science. 
Present address (McCollum), Department of 


Animal Pathology, Kentucky Agr. Exp. Station, Lex- 
ington. 


matically destroy the inhibitor common to 
these materials. The exact role of this en- 
zymatic action in infection has not been de- 
termined. One hypothesis is that firm adsorp- 
tion to the cell surface is needed to allow the 
virus to enter the cell. 

Since so many variations in charac- 
terized properties, e.g., pathogenicity, heat 
stability of the hemagglutinin, of strains 
of Newcastle disease virus (NDV)_ ex- 
ist, a study of the enzymatic  activi- 
ty of several strains of this virus seemed 
warranted. The following studies have util- 
ized crude egg-white as the substrate or HA 
inhibitor in determining the mucinase activity 
of NDV. 

Materials and methods. Viral strains. A 
repository for strains of NDV, maintained in 
the Department of Veterinary Science, Uni- 
versity of Wisconsin, with the cooperation of 
the Agricultural Research Service, U. S. De- 
partment of Agriculture and the Newcastle 
Disease Technical Committee of the North 
Central States Region, has more than 80 
strains, including 1 from Australia, 8 from 
Canada, 2 from Mexico, 1 from Japan, 8 from 
Europe and the remainder from the United 
States. All repository strains and the N strain 
of Dinter(8) were tested for their ability to 
destroy egg-white inhibitor (EWI). For the 
rate studies, however, only 7 strains were em- 
ployed: Vic-Australia-1932, B1, Hert-Eng- 
1933, Milano-Italy-1945, GB-Texas-1948, 
(H) Najarian-Ohio-1948 and Roakin-NJ-1946. 
The Lee strain of influenza B virus was used 
as the indicator virus in the hemagglutination- 
inhibition (HI) tests. White Leghorn chick- 
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en eggs from a commercial hatchery were used. 
As far as could be determined, these eggs came 
from flocks not vaccinated or infected with 
Newcastle disease. 

Viral pools. Newcastle disease and N 
viruses were prepared by inoculating 10 or 
11-day-old chicken embryos, intraallantoically, 
with 0.05 ml of a 10° dilution of stock, allan- 
toic-fluid virus. Inoculated eggs were incu- 
bated at 98 to 99°F and candled 2 to 3 times 
daily. From embryos that had died after 24 
hours, allantoic fluids were harvested and 
pooled. If the fluids were to be used within 
4 to 5 days, they were stored at 4°C; otherwise 
at -—20°C. The Lee strain of influenza B virus 
was prepared by inoculating 10 to 11 day-old, 
embryonated eggs, intraallantoically, with 0.05 
ml of a 10° dilution of stock, allantoic-fluid 
virus. After further incubation at 98 to 
09°F for 65 hours, the living embryos were 
chilled overnight and allantoic fluids harvested 
and handled as described for the other viruses. 
Calcium chloride (CaCls) 1 g, sodium chloride 
(NaCl) 9 g, boric acid (H;BO:) 1.203 g, and 
sodium tetraborate (Na»,B,O;*H2,O) 0.052 g 
were dissolved in 1 liter of distilled water, 
pH 7.0 + 0.2. Hemagglutination tests. Start- 
ing with a 1 to 5 dilution of allantoic-fluid 
virus, serial 2-fold dilutions were made in 0.25 
ml volumes of physiological saline contained 
in 13 x 75 mm tubes. Chicken RBC, 0.25 ml 
of a 1% suspension in physiological saline, 
were thoroughly mixed with each dilution. 
The test was read after 30 to 45 minutes at 
room temperature. The endpoint, 1 HA unit, 
was the highest dilution of virus showing 1+ 
agglutination. One plus HA was not evident 
in most instances since the last tube to show 
agglutination was usually 4+. Consequently, 
most 1+ values were obtained by interpola- 
tion, e.g., if the highest dilution of virus show- 
ing agglutination was the 1 to 320 dilution 
and the degree of agglutination was 4+ the 
1-+ value was 320 plus three-fourths the dif- 
ference between 320 and the next dilution, 
640. The result is a value of 1 to 560 for 1+- 
agglutination. 

Hemagglutination-inhibition test. Starting 
with a 1 to 100 dilution of EWI solution, 
serial 2-fold dilutions were made in 0.25 ml 
volumes of physiological saline contained in 
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13 x 75 mm tubes. iBive HA units of indicator 
virus contained in 0.25 ml were mixed with 
each dilution. After 30 minutes at room tem- 
perature, 0.25 ml of a 1.0% suspension of 
chicken RBC was added to each tube and the 
HA patterns ascertained 45 minutes later. The 
endpoint was considered as the last tube to 
show complete inhibition of agglutination. 
Egg-white inhibitor or ovomucin. The “thick” 
albumin of fresh, White Leghorn eggs served 
as the source. Stock ovomucin was a 5% 
solution in calcium borate, buffered. saline. 
Inhibitory activity was determined by HI 
testing using 5 HA units of heated Lee virus as 
the indicator antigen. One HI unit was con- 
sidered as the smallest quantity of inhibitor 
required to completely inhibit the activity of 
1 HA unit of the heated, Lee strain of virus. 
Indicator virus. Allantoic fluid from eggs in- 
fected with the Lee strain of influenza B virus 
was heated at 56°C for 30 minutes. This 
heated virus has the capacity to combine with 
inhibitor but not the ability to destroy it. Con- 
sequently, heated Lee virus serves well as a 
sensitive indicator for inhibitor titrations. 

Results. In exploratory experiments em- 
ploying 7 strains of NDV, each was effective 
in inactivating EWI substance. Subsequently, 
the entire collection of NDV strains in the 
repository and the N strain of Dinter(8) were 
tested for their ability to destroy EWI. Tests 
were conducted by adding 20 HA units of each 
virus to 1 ml of a 1:100 dilution of raw egg- 
white and incubating the mixture at 37°C for 
15 hours. The reaction was terminated and 
virus activity eliminated by heating the mix- 
ture at 65°C for 30 minutes. The content of 
each tube was assayed for EWI content by an 
HI test employing heated, Lee strain of in- 
fluenza B virus as the indicator. With each 
strain of NDV 20 HA units completely inac- 
tivated the inhibitor contained in 1 ml of 1:100 
dilution of egg-white. 

A series of experiments was designed to 
study certain kinetic features of the reaction 
between EWI and NDV. Strains Vic, Hert-E, 
Milano, GB, Roakin, Najarian and B1 were 
selected for the first experiment in which the 
rate of inactivation of 1280 HI units of EWI 
by each strain was determined as a function of 
its HA concentration. The reaction was car- 
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ried out at 37°C for 90 minutes after which 
time the reaction was stopped by heating as 
indicated. The content of each tube was 
assayed for residual EWI by HI testing with 
heated, Lee B indicator virus. Under the con- 
ditions of the experiments, the inactivation 
rates differed among strains and was dependent 
on the virus concentration within strains. For 
the Hert-E, Milano and B1 strains, only 32 
HA units were required to completely destroy 
the inhibitor whereas 64 units of the Najarian 
and GB strains and 128 units of the Vic and 
Roakin strains were required. 

The next experiment was to determine, as 
a function of time, the rate of inactivation of 
1280 HI units of EWI by various quantities 
of 6 strains of NDV. The strains employed 
were the same ones used in previous experi- 
ments with the exception of the Najarian 
strain. Three quantities of each virus suspen- 
sion were used, 256, 128 and 64 HA units. The 
virus and EWI mixtures were incubated at 
37°C, and at 5 minute intervals for 30 minutes, 
a sample of each mixture was removed and 
heated at 65° C for 30 minutes. The residual 
content of EWI was assayed as in the pre- 
vious experiment. The Milano, Hert-E and 
B1 strains not only inactivated the EWI most 
rapidly but behaved similarly, except for less 
activity with the 64 HA units concentrations 
with Hert-E. The inactivation rates of GB 
and Vic strains were similar but somewhat 
slower than of the Milano, Hert-E and B1. 
The Roakin strain did not inactivate any EWI 
within the 30 minute test period. In all cases 
where inactivation occurred, the rate of inac- 
tivation of EWI corresponded directly to the 
HA concentration of the virus. 

The third experiment was designed to ascer- 
tain the rate of inactivation of EWI by strains 
of NDV as a function of EWI concentration. 
The strains of NDV were the same as em- 
ployed in the previous experiment. Three con- 
centrations of EWI, 1280, 640 and 320 HI 
units, were used and 128 HA units of each 
strain of virus were employed. The virus and 
EWI mixtures were treated exactly as de- 
scribed in the previous experiment. Hert-E, 
Milano and B1 gave similar inactivation pat- 
terns. The patterns of Vic and Roakin were 
similar while that of GB was intermediate be- 
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TABLE I. Capacity of NDV* in Allantoic Fluid 
Containing 0.4% Formalin to Destroy Egg-White 


Inhibitor. 
Time in days after treatment with 
NDV formalin 

strain 3 4 9 14 21 28 
Vie Thales, oy 
Hert-E ++ ++ ++ 44+ 44+ + 
Milano ++ 4+ 4+ 44+ 44+ = 
GB ++ 44 ++ 44+ 44+ 44+ 
Roakin tt 44 44. — — as 
Naj Spar Ge SPSS sper SrPar Sesr 
Bl ++ $+ $4 $4 44 44+ 
Md-II Hr rie ape Sra aoe 
Hert-M apap Sap eI Oe BE 
Ky-50 ++ +4+ 44 44+ 4+ ++ 
Lederle ee Se eS eee 
RO qo APS ea, ee SRS 
Wagner +e) oes eet tet Slee 
Appleton ++ 44+ 44 4+ 44 ++ 
CG SP here aes Papa) ae AS Sr 
ViPol ++ ++ ++ ++ ++ ++ 


* All strains of unformalinized NDV destroyed 
egg-white inhibitor after storage at 5°C for 25 
days. 

+ —,+, +--+ = no, partial and complete destruc- 
tion, respectively, of egg-white inhibitor in 1:100 
dilution of egg-white. 


tween the two groups. For all strains, the rate 
of inactivation was fastest with the 320 HI 
units of EWI. The rates of inactivation with 
640 and 1280 HI units approximated each 
other but were slower than the 320 HI unit 
concentration. 

The final experiment was concerned with 
the stability of the mucinase property of allan- 
toic-fluid NDV when exposed to 0.4% formal- 
in. Sixteen strains were employed. At 3, 4, 
9, 14, 21 and 28 days after adding the for- 
malin and storing the mixtures at 4°C, the 
ability of each strain to destroy EWI was 
tested. This was accomplished by adding 
0.25 ml of formalinized, allantoic-fluid virus 
to a 1:100 dilution of ovomucin. After over- 
night incubation at 37°C, the mixtures were 
heated at 65°C for 30 minutes. The residual 
EWI determinations are recorded in Table I. 
All strains except Vic possessed mucinase ac- 
tivity at 4 days after formalinization and at 
14 days Roakin had lost mucinase activity. 
The Md-II strain did not inactivate egg-white 
inhibitor after 21 days. After 28 days, RO 
was inactive, while Hert-E, Hert-M and 
Wagner were only partially active. 


Discussion. ‘The mucinase activity of the 
mumps-Newcastle-influenza group of viruses is 
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widely recognized. If viral mucinase has any 
biological significance, it remains to be de- 
fined. Many hypotheses have been proposed 
but none have been definitely proved. How- 
ever, it is well established that viruses are 
intracellular parasites which must invade and 
enter a susceptible host cell before multipli- 
cation can occur. This immediately raises 
the question of the mechanism of penetration 
of the host cell and the relation of inhibitors 
to the infectious process. 


Almost all cells of the body, especially those 
of the respiratory tract, and except those of 
the skin, are protected by a mucous secretion. 
Since the viruses mentioned above have, in 
the main, an affinity for respiratory tract tis- 
sues, mucinase may have as its function the 
destruction of this protective material in order 
to clear the way for the attachment of the 
virus to the host cell preparatory to its pene- 
tration. 


Strains of NDV are known to vary mark- 
edly from one another in properties such as 
pathogenicity, heat stability of the hemag- 
glutinin and neurotoxicity. For some strains 
these properties have been well defined. How- 
ever, no one has reported any mucinase studies 
of the various strains of NDV with the purpose 
of possibly relating them to some of the known 
properties. This purpose prompted, in part. 
the studies presented in this paper. 


All strains of the repository were able to 
destroy the hemagglutination inhibitor of hen’s 
egg-white. After the preliminary experiment, 
7 strains of NDV markedly different from 
each other were selected for determination of 
the rate of the reaction. Despite the fact that 
these studies were performed in a crude fash- 
ion since neither the enzyme nor the substrate 
were separated and purified from their native 
sources, the results obtained appear suscep- 
tible to logical explanation. The first con- 
cern was with the rate of inactivation of EWI 
as a function of virus concentration. The 7 
strains employed fell into 3 groups: (1) Hert- 
E, Milano and B1; (2) Najarian and GB; (3) 
Vic and Roakin. Group 1 inactivated the in- 
hibitor rather quickly while the other 2 were 
progressively less active. With the exception 
of the Najarian virus, these 7 strains were 
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used in other studies of inactivation rate as 
follows: (1) Rate of inactivation of 1280 HI 
units of EWI by various quantities of NDV 
as a function of EWI concentration. For each 
study, the 6 strains fell into 3 groups which 
are the same groups as described for the initial 
rate study. The greater the quantity of virus 
(enzyme), the faster was the inactivation 
rate. For the inhibitor concentration studies, 
the results were slightly different since the 
320 HI units were inactivated in all cases at a 
faster rate than the 640 and 1280 units, which 
were inactivated at about the same rate. 
Whether the slower rate for the larger con- 
centrations of the inhibitor was due to higher 
viscosity of the crude substrate solution is not 
known. There was also observed in all of 
these experiments a lag period whose duration 
depended on the concentration of the enzyme. 


The activity groups into which these strains 
fell appear subject to correlation with only 
one known property 7.e., the rate of their elu- 
tion from red cells. There is no apparent 
correlation between mucinase activity and 
pathogenicity for chickens since 2 highly 
pathogenic strains, Hert-E and Milano and a 
non-pathogenic strain, V1 constituted the 
group with the greatest mucinase activity. 


A study dealing with the stability of mucin- 
ase to 0.4% formalin indicated this enzymatic 
activity was fairly stable. 


Summary. Studies were made on the pres- 
ence and mucinase activity of Newcastle dis- 
ease virus and of the stability of this enzyme 
function to formalin. (1) All strains of New- 
castle disease virus studied possessed mucinase 
activity although the rates at which they in- 
activated egg-white inhibitor differed greatly. 
(2) The rate at which egg-white inhibitor was 
inactivated was dependent on enzyme (virus) 
concentration. The concentration of egg-white 
inhibitor also affected the rate of its inactiva- 
tion. (3) The rate of inactivation by Newcastle 
disease strains of virus could be correlated 
only with one known property—its rate of 
elution from red blood cells. (4) Newcastle dis- 
ease virus mucinase was fairly stable to for- 
malin. 
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Importance of Optimum Amounts of Virus to Demonstrate Neutralizing 


Antibody Rise in Convalescent Poliomyelitis Sera.* 


(21969) 


RoBert WarD, CHARLES C. CHANG, AND Dora L. RADER. 
(Introduced by L. Emmett Holt, Jr.) 


From the Department of Pediatrics, New York University College of Medicine, and Bellevue 
Hospital, New York City. 


A study of 38 patients infected with polio- 
myelitis viruses showed a 5-fold or greater in- 
crease in the homologous antibody titer in 35 
(92%). This finding was at variance with 
that of other workers(1,2), who postulated 
that the rise in neutralizing antibodies oc- 
curred so rapidly that often no increases in 
titer were demonstrable. Thus Miller and 
Wenner, using a virus concentration of 32 
TCID; +t in their neutralization tests, ob- 
served a 10-fold rise in homotypic antibody in 
only 3 of 14 patients(2). Tests for homo- 
logous antibody were carried out in only 7 
patients, none of whom showed a_ simi- 
lar rise. Melnick and his associates, with 
a virus inoculum of 100 TCIDso, reported 
rises of homotypic antibody in 15 (37%) of 
41 patients from whom poliomyelitis viruses 
had been isolated(1). Homologous antibody 
formation was not studied by these workers. 

This report presents evidence that the dem- 
onstration of increases of homologous anti- 
body in patients infected with poliomyelitis 
viruses is related to the dose of virus used in 
the neutralization test. 


Materials and methods. Data are derived 


* Aided by a grant from the Sister Kenny Founda- 
tion. 

t TCID.,—Tissue culture infective doses, 50% 
end point. 


from 38 patients studied in New York City in 
1953, a non-epidemic year.} Their stools 
were collected within 2 weeks of onset of ill- 
ness and after concentration in the Spinco 
high speed centrifuge, yielded poliomyelitis 
viruses as follows: Type 1, 25 patients; Type 
2, 2 patients; Type 3, 11 patients. All but 4 
showed some degree of weakness or paralysis. 
Serum specimens were collected at frequent 
intervals and tested for neutralizing antibodies 
against the patient’s own virus and the 3 pro- 
totypes. To be reported here are the results 
of tests carried out on mixtures of homologous 
virus and serum obtained usually in the Ist or 
2nd week of illness, in the 3rd or 4th week. 
and lastly at about the 12th week. Trypsin- 
ized monkey kidney cells grown in tissue cul- 
ture in glass tubes’ and examined microscop- 
ically for cytopathogenic changes constituted 
the test object for isolation of virus and for 
neutralization tests. Neutralization tests were 
carried out usually with serial 4-fold dilutions 
of serum, inactivated at 56°C for 30 min. Se- 
rum dilutions were mixed with an equal vol- 


+ We are grateful to the staffs of Willard Parker, 
Mt. Sinai, Babies’, and Flower-5th Avenue Hospitals 
for supplying material for this investigation. 

\ For the past -year tubes containing cultures of 
monkey kidney cells supplied by Microbiological 
Associates, Inc., Bethesda, Md., have been used. 
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TABLE I. Relation of Increase in Neutralizing 
Antibody and Dose of Virus Used in Test. 38 


patients. 
— Ss a . 
se een tae 
o2¢ eee Dae ole Mees 
2os fe 222 Sue 
7 i Be 500 
6 3 QF 400 
5 3 4.0 200 
+ 2 2.3 200 
Z ] Zell 200 
11 if 3.5 60 
8 3 Dell 50 
7 ] 4.2 40 
1] ] Syst 40 
3 if 3.0 30 
7 1 I) 25 
8 1 Beth 25 
18 3 3.9 25 
7 3 ee 25 
8 1 eit 16+? ' 76% 
5 3 3.2 16 
10 ] a5) 16 
7 I 4.5 eae 92% + 
7 1 1.5 ise 
5 ] 4.5 12 
8 3 5) 1 | 
3 1 3.2 12 
8 1 2.0 10+? 
9 3 AY 10 
i 3 4.0 10 
4 1 4.0 10 
6 3 3.0 10 
4 1 2:5 10 
14 2 1.0 10 
8 1 Pen fe) 
9 1 4.7 it || 
18 ] 2.7 6 | 16% 
18 1 3.2 5 
9 1 20 ES | 
16 1 35 5 |} J 
7 ] 4.0 3} 
14 3 27 2 
10 1 4.9,3.5,2.4,1.2 0 


* Expressed as negative log. + 92% of patients. 


ume of a selected dilution, usually 1:500, of 
the patient’s virus. The latter was titrated si- 
multaneously in each test against normal mon- 
key serum. The mixtures were incubated at 
room temperature for one hour. 0.1 cc of each 
dilution was pipetted into tissue culture tubes 
containing 0.9 cc of standard medium.| As a 


|| The “standard medium” consisted of FEarle’s 
balanced salt solution, lactalbumin hydrolysate 0.5% 
and calf serum, 2%. 50 units of penicillin and 50 
mg of streptomycin per ml of medium were added. 
Recently 20 units of mycostatin (Squibb) per ml 
were added which has helped considerably to sup- 
press the growth of yeasts. 
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rule 3 tubes per dilation were used. In some 
of the “box” titrations 2-fold dilutions of 
serum were mixed with decimal dilutions of 
virus and inoculated into 6 tubes per dilution. 
All tubes were examined daily under the 
microscope for cytopathogenic effects. The 
seventh day reading was taken as final. Anti- 
body titers were calculated by the method of 
Reed and Muench and expressed as the 50% 
serum dilution endpoint (log of reciprocal). 

Results. Table I shows the relation of de- 
gree of antibody rise and dose of virus used in 
the test. A 5-fold or greater increase in 
homologous antibody obtained in 35 (92%) 
of 38 patients. Twenty-nine patients (76%) 
had antibody rises from 10 to 500-fold. In 6 
patients (16%) increases from 5 to 7-fold 
were obtained. It is evident that antibody in- 
crements as great as 200-fold were obtained 
with as much as 4 logs of virus. The average 
amount of virus used in all the tests was about 
3 logs. Substantial increases in antibody were 
demonstrated even when the first serum speci- 
men was obtained as late as the second or 
third week of illness. In the group whose anti- 
body rises were under 10-fold the first serum 
was obtained on an average of the 12th day of 
illness, whereas in the group of 29 patients 
whose antibody rises were 10-fold or greater, 
the first serum was drawn on an average of 
7.2 days after onset. If the reverse calcula- 
tion is made, it will be seen that the average 
antibody rise is 95-fold in patients whose first 
serum was obtained in the first 7 days of ill- 
ness as compared with an average of 16-fold 
for those whose first serum was obtained be- 
tween the 8th and 18th days. 

“Box” Neutralization Tests with Homolo- 
gous Virus. During the beginning of this in- 
vestigation in most of the individual tests a 
single relatively large amount of virus was 
used against serial dilutions of serum. It 
seemed possible that the greater number of 
definite antibody rises observed might be re- 
lated to the larger doses of virus employed as 
compared with those used by previous ob- 
servers. This possibility was investigated by 
simultaneous titrations of virus and serum 
(so-called “box” titration) from 3 patients— 
2 infected with Type 1 (A and B) and 
one with Type 3 (C). The results ap- 
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ro © © So 
a oY | pear in Table II (Section A). It is evident 
< ae | that little or no antibody rise was demon- 
z o Caen strable with the smallest doses of virus (.5, 
ax 2 e a .6,.7 log). With 1 log higher dose only 1 pa- 
te aac. | tient (B) showed a significant rise; with 
ae ae 2 logs, 2 patients, and with 3 logs, all 3 pa- 
ce a i tients showed substantial rises. When the 
a ia 8 sera were “overwhelmed” with 4.5-5.6 logs of 
AS | Bee ie | virus, no significant antibody increase ae 
ae O19 7 ets | sulted. In the test with patient B’s virus an 
Sa | a . serum the accuracy was enhanced by using 6 
Fe Bebe tubes per dilution. In the case of patient C, a 
a5 ool an a 12-fold antibody increase was the maximum 
Le ies | achieved. This occurred with 3.7 logs of 
cocy | virus. It may be that this relatively small 
- ieee antibody rise is accounted for by the lateness 
es a= = | of obtaining the acute phase serum, e.g., 15th 
: é ‘ day of illness. In any event, the result of 
= e\e ue ee this test shows a trend in keeping with the 
z, 3 pattern of the other two. 
2 SS ya - “Box” Neutralization Tests with Homo- 
8 Balsa dee | typic Virus. It was important to learn if this 
c a) S ya ny apparent relation between antibody rise and 
® Son dose of virus would apply to homotypic as 
a 3 |2 VV ¥ well as to homologous virus. Similar “box” 
% 3 2 titrations were performed with the sera of 2 
m oie Sao patients, B and C, mixed with Type 
is gS 2 rae = % 1 (Mahoney) and Type 3 (Leon) viruses, re- 
iS 15 ON St 6 spectively. To increase the accuracy of the 
4 Ee vs a a tests, these box titrations were carried out 
S Ee Ss 2 with serial 2-fold dilutions of serum against 
= oh © 0 © z=) decimal dilutions of virus and the mixtures 
<{ 3 rs es . 5 were inoculated into 6 tissue culture tubes per 
Sig doi oe ae dilution. The results are presented in Table 
Be S 3 II (Section B). As with homologous viruses, 
S ae 8 little or no antibody rise resulted with the 
for cicy sen smallest doses of homotypic virus. With 3.4 
ao Re st 2 and 3.6 logs, 10-fold or higher increments 
i] ce a were obtained. Unlike the other tests in 
aay cane Paes which the largest doses of virus either oblit- 
= & erated or diminished the difference in anti- 
os oe Gea ons body level between the two sera, in the case of 
Sea 3S patient C’s sera and the heaviest concentration 
Aik Fe Ze of Leon virus (4.6 logs), a 10-fold increase was 
ne aS still demonstrable. Then actual titers are not 
ie aed = 5 very different, however, from those obtained 
ee od 66 eee with C serum and homologous virus (Sec- 
Wage a = tion A). In that test when a comparable 
rose me og gn wy) ® dosage (4.7 logs) of C virus was used, 
Anse eieela p= even though it seemed to result in a 4-fold 
A 2 antibody rise, the titers of each serum (0.6 
Se mes age se and 1.1) did not differ significantly from those 
S 
Ay 


obtained with Leon virus (0.5 and 1.5). 
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From the results of these 2 tests with homo- 
typic viruses, it would appear that the rela- 
tion of antibody increase to virus dose was not 
limited to the patient’s own virus, but a simi- 
lar pattern was obtained with homotypic 
viruses, Mahoney and Leon, respectively. 


Discussion. The results obtained in in- 
dividual tests with various virus strains and 
sera indicated a relationship between increase 
in neutralizing antibody and concentration of 
virus used in the test. This was confirmed by 
“box” neutralization tests in which virus and 
2 serum specimens from the same patient were 
titrated simultaneously. In the zones of anti- 
body excess and virus excess, respectively, 
there was little or no apparent increase in 
antibody from acute to convalescent phase of 
illness. In the middle dosage range of about 
3 logs of virus regular antibody increases were 
demonstrable. The explanation of this phe- 
nomenon is not clear. The question arises as 
to whether antibodies found in the acute stage 
differ qualitatively or quantitatively from 
those found in convalescence. Work is being 
done currently on the dynamics of  virus- 
antibody union which may shed light on the 
problem. For example, is the union between 
virus and “late” antibody more stable than 
that which occurs with “early” antibody? 
Are there detectable differences in the velocity 
of the reaction? Does “late” antibody have a 
greater avidity for virus than “early” anti- 
body? The results of the present report have 
been obtained entirely with the use of cul- 
tures of monkey kidney cells as the test ob- 
ject of virus activity. It is important that 
Steigman and Sabin(3) and Winsser and Sa- 
bin(4), who carried out quantitative neutral- 
ization tests in monkeys, observed substantial 
homologous antibody increases between 16 
and 32-fold with amounts of virus ranging 
from 160 to 1000 PD- . The results of the 
present study indicate that the relation be- 
tween antibody rise and virus dose is not lim- 
ited to homologous systems. The acute and 
convalescent sera of 2 patients (one with a 
Type 1 infection, the other Type 3) showed 
similar antibody trends against the homo- 
typic virus, Mahoney and Leon, respectively. 


165 


Even though the-mechanism by which it 
works is not understood at present, the phe- 
nomenon appears to have important practical 
as well as fundamental implications. The 
neutralization test may still prove to be an 
important diagnostic tool provided the dose of 
virus is properly adjusted. It would appear 
that approximately 1000 TCID;» is the opti- 
mum dose of virus. Another factor of impor- 
tance in demonstrating antibody increase is the 
time of drawing the “acute” serum sample— 
the earlier the better. The study of basic 
problems concerned with the kinetics of the 
poliomyelitis virus-antibody reaction will be 
advanced by the use of Dulbecco’s new plaque 
method (5). 

Summary. The formation of neutralizing 
antibodies against their own virus was studied 
in 38 poliomyelitis patients. In the sera of 
35 (92%), 5-fold or greater antibody in- 
creases were demonstrated. Twenty-nine 
(76%) exhibited rises between 10 and 500- 
fold. The average dose of virus used in sepa- 
rate tests was about 3 log dilutions. “Box” 
neutralization tests revealed that little or no 
antibody increase was demonstrable in the 
zones of antibody or virus excess. Substan- 
tial antibody rises were obtained in the mid- 
dle zones, when between 2.5 and 4.6 log dilu- 
tions of virus were used. A similar trend of 
antibody increase was found with homotypic 
virus studied in two individuals. These results 
seem to indicate a relation between increase 
in neutralizing antibody and concentration of 
virus in the test. The mechanism by which 
this phenomenon operates is not understood 
but it appears to have both fundamental and 
practical implications. 
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Effect of Levallorphan and Nalorphine upon Barbiturate-Induced 


Respiratory Depression in Rats.* 


(21970) 


P. J. Costa AND D. D. BONNYCASTLE. 


From the Department of Pharmacology, Yale University, New Haven, Conn. 


N-allylInormorphine HCl, (nalorphine), and 
levo-3, hydroxy N-allylmorphinan tartrate, 
(levallorphan), have been shown to be effec- 
tive antagonists of analgetic-induced respira- 
tory depression both clinically and experi- 
mentally(1-9). However, with respect to the 
possible use of nalorphine against barbiturate 
depression the available reports are confusing, 
for some authors report that nalorphine is an 
effective barbiturate antagonist(10-12), while 
others found it to be ineffective(3,13-15). 
No reports are available concerning the effec- 
tiveness of levallorphan as an antagonist to 
barbiturate depression. 


This study was undertaken to determine in 
rats the effectiveness of both nalorphine and 
levallorphan as antagonists to the respiratory 
depressant effects of some of the more com- 
monly used barbiturates. 


Procedure. Male albino rats (Sprague- 
Dawley) 200-300 g in weight were used. All 
experiments were acute, each animal serving as 
its own control, and about 50 experiments 
were carried out. The procedure was similar 
to that described previously(7), and consisted 
of cannulation of the trachea under ether, and 
infiltrating the area with a local anesthetic. 
The animal was restrained and connected to a 
one-way valve system to measure tidal air. 
After a control period, the barbiturate under 
examination was given, in a dose determined 
previously to produce 50% respiratory de- 
pression, then either nalorphine or levallorphan 
were administered by intraperitoneal injection 
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at various dosage levels. The barbiturates 
examined were phenobarbital, barbital, amy- 
tal, pentobarbital and secobarbital. 

Results. Levallorphan exerted no demon- 
strable effect in reducing the barbiturate-in- 
duced depression of respiration when used in 
dosage ratios of 1:1 or less of levallorphan to 
barbiturate. Because of this ineffectiveness 
of levallorphan a second series of experiments 
was carried out in the dose of the antagonist 
was increased. Fig. 1. Levallorphan was ef- 
fective in diminishing only the pentobarbital- 
induced respiratory depression, and only when 
twice as much of the antagonist as depressant 
was employed. No noticeable stimulatory 
effects were observed with other barbiturates. 

In the experiments with nalorphine only the 
higher dosage levels were tested, these were 
identical with doses used in the second series 
with levallorphan. Again, as with levallor- 
phan, nalorphine was only effective in dimin- 
ishing pentobarbital-induced respiratory de- 
pression, and only when twice as much nalor- 
phine as pentobarbital was used. 

Discussion. Both levallorphan and _nalor- 
phine were found to be moderately antagonis- 
tic to pentobarbital-induced depression but 
only when very large doses of these ‘antag- 
onists’ were employed. On the other hand. 
no stimulatory effects were observed when 
these 2 compounds were used with phenobar- 
bital, barbital, amytal and secobarbital. This 
is in marked contrast to the effect of levallor- 
phan and nalorphine upon respiratory depres- 
sion induced by the narcotic analgetic com- 
pounds, where the effective ratio of antagonist 
to depressant ranged from 1:1 to 1:30 for 
Dromoran, methadone, morphine, alphapro- 
dine and meperidine. For example, the ra- 
tios in the case of morphine sulfate depression 
are 1:6.7, and 1:5, and in meperidine depres- 
sion 1:30 and 1:5 for levallorphan and nal- 
orphine respectively (7). 

In this present series of experiments leval- 
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lorphan and nalorphine were not used in doses 
greater than 150 mg/kg because this would 
have exceeded the LD5» in rats for both com- 
pounds, (approximately 180 mg/kg for both 
levallorphan and nalorphine). 

Eckenhoff e¢ a/.(13) found that nalorphine 
was ineffective in combating clinical barbit- 
urate depression. However, Belford and Kao 
(11) and Vivante e¢ a/.(12) later reported 
that nalorphine was effective in relieving pen- 
tobarbital-induced respiratory depression in 
the dog. Clinically, Dulfano et a/.(10) found 
nalorphine to be effective in combating barbit- 
urate depression in several] instances. On the 
other hand, several recent reports(3,14,15), 
have pointed out the failure of nalorphine, 
both experimentally and in man, to relieve 
respiratory depression from barbiturates. 

There are no reports in the literature con- 
cerning the ability of levallorphan to combat 
respiratory depression produced by barbitur- 
ates. From the present study it would appear 
that both levallorphan and nalorphine can re- 
store partially the respiratory minute volume 
in rats when it has been depressed by pento- 
barbital. However, this effect could only be 
achieved with very large doses. 
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FIG. 1. Effect of levallorphan upon respiratory depression produced by various barbiturates. 

Effect with nalorphine was essentially the same, and the dosages were identical. 
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Summary. It was observed that nalorphine 
and levallorphan were ineffective in antagoniz- 
ing the respiratory depression produced in rats 
by large doses of phenobarbital, barbital, amy- 
tal and seconal. The two compounds did, in 
large doses, cause some diminution in the de- 
pression produced by pentobarbital. 
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Erythroblastosis and myeloblastosis (gran- 
uloblastosis)(1) are highly malignant leu- 
kemic diseases of viral etiology in the chicken. 
In the latter condition involvement of the pre- 
cursors of the myelocytes(2) results in the oc- 
currence in the blood circulation of very large 
numbers of primitive cells of myeloblastic fea- 
tures. The virus of erythroblastosis presum- 
. ably affects the progenitors of the red blood 
cells and the disease is characterized(3) by 
the presence of many erythroblasts in the cir- 
culating blood. That the respective viruses, 
likewise, are present in the circulation in both 
conditions is attested by transmissibility of 
the diseases with filtered blood plasma. By 
application of ultracentrifugal procedures, the 
virus of myeloblastosis has been obtained 
from the plasma of diseased chicks in appre- 
ciable amounts in purified preparations for 
physical, chemical and biological characteriza- 
tion(4,5). The findings with myeloblastosis 
have stimulated the undertaking of similar 
studies with the virus of erythroblastosis. Ex- 
amination of filtered blood plasma from chicks 
with this disease has revealed characteristic 
particles, which by virtue of the experience 
with myeloblastosis, may represent the etio- 
logical agent of erythroblastosis. This paper 
describes results of preliminary investigations 
on the morphology of these particles observed 
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in electronmicrographs. 

Materials and methods. Erythroblastosis 
virus was obtained from Dr. Astrid Fagraeus 
of the State Bacteriological Laboratory, 
Stockholm, who had received it previously 
from Dr. J. Engelbreth-Holm at the Depart- 
ment of Pathological Anatomy, University of 
Copenhagen. The agent has been passed in 
this country by means of filtered plasma in- 
jected whole, or diluted, in 0.1 ml volumes in 
3-day to 3-month-old chickens. The birds 
employed routinely were inbred White Leg- 
horns of line 15 developed(6) at the Regional 
Poultry Research Laboratory, East Lansing, 
Mich. and the same as those used in the work 
with myeloblastosis(7). As will be developed 
in later reports, the strain of erythroblastosis 
appears to be a characteristic entity entirely 
distinct from myeloblastosis with respect both 
to the pathological manifestations and to host- 
response to the agent. Small chicks with the 
disease were bled by section of the sagittal 
sinus and larger ones by heart puncture. The 
blood was received in chilled tubes containing 
heparin and cleared of cells by 2 cycles of low 
speed centrifugation. The plasma was recov- 
ered in each case with fine tipped pipettes, 
then filtered with celite and passed through 
Selas filters by the technics(8) employed in 
the work with myeloblastosis. Donor birds 
were selected on the basis of the number of 
erythroblasts seen in routine daily blood 
smears, and bleeding was effected only when 
the chickens were near death. Once the 
chicks became obviously ill, as indicated by 
lassitude or weakness, the condition pro- 
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gressed rapidly to death within a few hours. 
In most instances the chickens were closely 
watched, and bled when they became mori- 
bund. During these stages of the disease, the 
increase in erythroblasts was rapid, and it 
seemed likely that the virus content of the 
plasma might, likewise, reach the highest lev- 
els in the few hours before death of the host. 
Thus far, none of the plasmas has exhibited 
significant activity to dephosphorylate adeno- 
sine triphosphate in the microscreening test 
(9). Consequently, this criterion of plasma 
content of virus, so useful in the study of mye- 
loblastosis, has not been available in the ex- 
periments with erythroblastosis. However, in 
contrast with host response to the virus of 
myeloblastosis(10), 2-month-old chickens 
were not greatly different in susceptibility 
than 3-day-old birds to infection with erythro- 
blastosis virus. This was a most important 
factor, since the older birds furnished much 
larger volumes of plasma as source of the 
virus. The ages of the donor chicks used in 
the present work were from 3 to 60 days. 
Blood was drawn 7 to 15 days after inocula- 
tion of the virus. The technics employed for 
examination of the particles in erythroblas- 
tosis with the electronmicroscope were identi- 
cal with those applied in the studies on the vi- 
rus of myeloblastosis(8). Although observa- 
tions were made with the particles in plasma, 
the principal investigations involved the parti- 
cles in concentrates obtained by 1 or 2 cycles 
of sedimentation. The best results were ob- 
tained with individual plasmas spun. undi- 
luted, in collodion tubes of appropriate vol- 
ume. The particles were concentrated by cen- 
trifugation at 16,400 x g for 60 minutes and 
resuspended in small volumes, 5 to 25% of 
those of the initial plasmas, in normal saline 
solution containing 0.001 M phosphate of pR 
7.0. These concentrates from individual plas- 
mas or, more often, in pools (pooled only 
after the initial concentrating procedure) 
were centrifuged at 7,000 x g for 5 minutes to 
eliminate aggregated material. In some cases 
the procedures of high and low speed centri- 
fugation were repeated for a second time. 
Preparations were made for electronmicrog- 
raphy either with a drop of undiluted concen- 
trate dried on an agar surface, or the particles 
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were spun down on-agar(8) from suspensions 
diluted 1-10 to 1-100. The particles were 
fixed on the agar surface with osmic acid va- 
por and examined either after shadowing with 
chromium or without shadowing. Examina- 
tions were made with comparable technics of 
the particles directly in plasma. Counts of 
the particles in plasma or concentrates were 
made by sedimentation on agar in the usual 
way(8). 

Results. The virus of erythroblastosis is 
relatively highly “‘virulent” in the sense that 
the chicks of the inbred line 15 were very sus- 
ceptible to infection. With the largest doses 
of the agent, 0.1 ml of the best plasmas, onset 
of the disease, marked by the appearance of 
polychrome erythrocytes(3), was as early as 
48 hours. Death followed frequently within 
4 to 5 days. This appearance of intensity of 
host-virus interaction occurring in the induc- 
tion and progression of the disease, as com- 
pared with the process in myeloblastosis, is 
emphasized by the observation of relatively 
low concentrations of characteristic particles 
which might represent virus in the plasmas. 

That low particle content of the plasma is 
characteristic of erythroblastosis has been evi- 
dent from several indications. In no case has 
the plasma exhibited visible turbidity ascrib- 
able to the presence of particles in high con- 
centration. Ultracentrifugation results in no 
visible or very small pellets. In most instances 
material concentrated 3 or more times with 
respect to the volume of the starting plasma 
showed little opalescence, though occasional 
plasmas vielded quite turbid suspensions at 


TABLE JT. Approximate Characteristic Particle 
Content of Various Individual Plasmas from 
Chicks with Erythroblastosis Counted Either Di- 
rectly in Plasma or Estimated from Counts with 
Concentrates of the Agent. 
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FIG. 1. Electronmicrograph of particles from the plasma of chick with avian erythroblastosis 


obtained by sedimenting the particles on an agar surface. 


Particles were shadowed with 


chromium. Magnification 27,600 X. 


20 times concentration. Finally, approximate 
estimates obtained by counting the particles 
in concentrates, after unmeasurable loss in the 
sedimentation procedure, as well as more ac- 
curate determinations made by counting the 
particles directly in plasma showed highly 
variable results ranging (Table 1) from about 
10° to 10!" particles per ml of plasma. ‘The 
data of Table I are cited as representative of 
the findings. Many plasmas and concentrates 
were examined, but counting was excluded in 
most instances because of aggregation or ex- 
cess amorphous material extraneous to the 
particles in relation to the very small num- 
bers of particles. 

Despite the technical difficulties. micro- 
graphs have been obtained clearly revealing 
the characters of the particles. One of the 
best pictures is that of Fig. 1 obtained with 
the concentrate of plasma O 913, Table I. 
The particles were sedimented from 4 ml of 
the plasma and taken up in 1 ml of saline. 
After low speed centrifugation the particle 
content of this suspension was 1.03 x 10" per 
ml. The suspension was diluted 1-100 (equiv- 
alent to a 1-25 dilut’on of the original plas- 
ma), and the particles were spun onto agar. 


The electronmicrograph reveals a popula- 
tion of particles of considerable homogeneity 
of kind which are of variable size and, in gen- 
eral, of spheroidal shape. There is present, 
also, amorphous material obviously different 
from the predominant particles and relatively 
few particles of a different magnitude of size 
from that of predominant ones. Measure- 
ments on small numbers of the particles of 
various sizes gave the value 102 my as the av- 
erage diameter. It is seen that the particles 
are not regularly rounded but exhibit surface 
depressions, folds and protrusions from the 
main body of the particles, some as short tails 
or flattened membrane-like structures. The 
general characters of the particles are clearly 
shown, though the preparation’ contained 
much other material. 

Shadowing with metal, though’ increasing 
the contrast and revealing 3-dimensional fea- 
tures of virus and other particles, obscures 
completely all except occasional contour evi- 
dence of ‘internal structure. Pictures of un- 
shadowed particles are difficult to obtain, but 
an informative example was available in the 
present work, A small drop of a suspension 
of twice sedimented particles was placed di- 
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FIG, 2. Electronmicrograph of particles from the plasma of chick with avian erythroblastosis 

obtained by drying a drop of concentrate on an agar surface. Preparation was not shadowed. 
Magnification 34000 x. 


rectly on agar, dried, fixed with osmic acid 
and examined without shadowing. Fig. 2 
shows 2 principal types of structures. One is 
represented by an essentially circular image 
with a small center of material of high elec- 
tron absorbing power surrounded by a ““mem- 
brane-like” substance of very low contrast. 
Similar images have been seen(11) with the 
virus of myeloblastosis, which is a particle of 
very low hydrated density(12) and is re- 
garded as consisting primarily of watery, gel- 
like material surrounding a small region, or 
regions, of concentrated, relatively dense (to 
electrons) internal material. The images of 
the particles in erythroblastosis have the same 
appearance. 

The second structures of interest are those 
having the appearance of empty, low contrast 
membranes’ greatly resembling _ particle 
“ghosts” consisting of the material surround- 
ing the internal masses of the other images. 
In many instances there are seen empty spaces 
or apparent rents in the substance seeming to 
indicate space previously occupied by the 
dense material or through which it escaped. 
Other images have the appearance of frag- 
ments of the low-contrast material. Such 


images were seen not infrequently in the pres- 
ent studies, but the mechanism for the produc- 
tion of the material, that is, for the rupture of 
the particles and the escape of the dense con- 
stituent is not known. Although the inter- 
pretation may be faulty in detail, it seems cer- 
tain that these structures of low contrast must 
be related to the intact particles, and do not 
resemble any of the usual nonspecific com- 
ponents of plasma either from normal birds or 
chicks with erythroblastosis. It is especially 
notable that many of the low contrast images 
are fairly regular in outline, are of the size of 
the images of the intact particles, and have 
the same appearance as that of the peripheral 
material of the specific particles. 

Discussion. The present findings do not 
suffice to establish unequivocally the bio- 
logical nature of the particles described. The 
component has not been observed, however, in 
the plasmas of normal chicks, and it occurs 
as a population of particles of considerable 
homogeneity with respect to kind only in dis- 
eased individuals. The characters of the par- 
ticles and their obvious relation to the oc- 
currence of erythroblastosis, together with 
considerable experience in the study of the 
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contents of chicken plasma in investigations 
of myeloblastic leukemia, constitute strong 
presumptive evidence that the particles rep- 
resent the etiological agent of the disease. 

The particles in erythroblastosis are re- 
markably similar to those of the virus of mye- 
loblastosis. In the case of the latter agent, a 
variety of investigations has indicated that the 
myeloblastic leukosis virus is a spheroidal par- 
ticle of low hydrated density and high water 
content. Most of the volume of the virus is 
constituted of material of low electron absorb- 
ing properties surrounding a small mass of 
electron-dense material, which may be re- 
garded as nucleoprotein as in the case of 
analogous structures in other viruses. All of 
the evidence obtained in the present work is 
compatible with the view that the character- 
istic particles in erythroblastosis are essen- 
tially identical in physical structure with the 
agent of myeloblastosis. It would be fruitless 
to extend the comparison, inasmuch as suf- 
ficient amounts of the particles are accessible 
for analyses by other physical methods. It 
is desirable to note that the size value for the 
particles in erythroblastosis, 102 mp, is some- 
what smaller than that, 120 my for the agent 
of myeloblastosis. This difference, however, 
is not regarded as significant. A real differ- 
ence between the two diseases is the particle 
content of the plasma. In erythroblastosis, 
the concentration of particles reaches levels of 
approximately 10!" per ml, whereas in myelo- 
blastosis the levels(8) are as high as 2 x 10” 
per ml. Another striking difference between 
the diseases resides in the lack of adenosine 
triphosphatase activity in the micro test in 
erythroblastosis. This does not signify a lack 
of enzyme activity of this virus, since the re- 
sults may well have been related principally 
to the low concentration of the particles in the 
individual plasmas. 

Of particular interest is the bearing of the 
present findings on the general problem of the 
etiological interrelationships among the vari- 
ous diseases classified(1) as members of the 
leukosis complex. These relationships can be 
determined only by intensive studies of the 
physical, chemical and biological properties of 
the agent associated with each condition. A 
considerable basis of information has been es- 
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tablished with the agent of myeloblastosis(4). 
It would appear that the superficial physical 
aspects of the morphology of the particles in 
erythroblastosis are indistinguishable from 
those of the agent of myeloblastosis. Within 
the limits of the small number of examinations 
thus far made, the agent of a third form of 
leukosis(13), the RPL strain 12 of lympho- 
matosis, does not differ appreciably in mor- 
phology from the particles in erythroblastosis 
and myeloblastosis. This resemblance, how- 
ever, may be entirely superficial, and further 
study may reveal significant physical and 
chemical differences. It would be well to em- 
phasize the biological specificity of these 3 
agents in the cell type involved; in the patho- 
logical manifestations; and in the character 
of host response in the induction of the re- 
spective diseases. These investigations on the 
agent of leukosis have been of principal value 
thus far in the physical demonstration of the 
virus entities in the plasma of birds with mye- 
loblastosis and characteristic particles which 
are probably the etiological agents of erythro- 
blastosis and lymphomatosis and of the feasi- 
bility of obtaining the particles in the state 
and amount needed for critical experimenta- 
tion. 

Summary. A particulate component, which 
may be the etiological virus, was isolated by 
ultracentrifugation of the blood plasma of 
chickens with erythroblastosis. The particles 
were of spheroidal shape and variable size, 
averaging approximately 102 mp diameter. 
Micrographs of unshadowed preparations 
showed circular images of an appearance sug- 
gesting that the particles consisted predom- 
inantly of a watery, low-electron contrast, gel- 
like material surrounding a small relatively 
dense internal structure. The findings were 
compared with those obtained in the analo- 
gous studies of particles representing the virus 
of myeloblastosis and that of one form of 
lymphomatosis. 
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The effects of a number of drugs upon the 
rhythm of isolated rabbit intestine were stud- 
ied. Among the drugs tested was sodium di- 
phenyl-hydantoinate (Dilantin). This proved 
to have remarkable effects which, to our 
knowledge, have not been described previ- 
ously. 

Material and methods. The small intestine 
was rapidly removed from a freshly stunned 
rabbit. This was immediately placed into 
oxygenated Tyrode’s solution. Lengths of 
duodenum were most generally employed, al- 
though jejunum and ileum were also used in 
some experiments. The unused portions were 
stored in cold Tyrode solution for later use. 
The length of the gut used was between 2 to 
3cm. One end of the gut was fixed by a silver 
hook which in turn was fastened to the walls 
of the chamber. The other end of the gut 
was led by a thread to a very sensitive myo- 
graph transducer. This in turn was connected 
to the amplifier of a Hoff-Geddes-Spencer 
Physiograph and the resultant recording was 
traced out by an ink-writing pen upon a mov- 
ing strip of paper. The amplification factor 
for movement was about 200 at maximum 
gain. With the initial tension of the myograph 
spring overcome, a 200 mg weight produced a 
deflection of 7.5 mm at maximum gain. 

The chamber enclosing the isolated gut had 
3 openings at its base. The first of these 


allowed for the continuous entry of oxygen into 
the solution. This kept the solution well-oxy- 
genated and also served to mix the solution 
and any added drugs. An opening at the low- 
est part of the chamber allowed for drainage 
at will and a third opening provided for the 
entry of fresh Tyrode solution of pH about 
7.6. A further portal in the upper part of the 
chamber enabled one to add drugs to the solu- 
tion. The bath was kept at any constant 
temperature between 35° and 38°C by means 
of a heat lamp which was shone upon a black- 
ened portion of the chamber. ‘The intensity 
of this heating was regulated by means of a 
variac. 

Results. The addition of Dilantin in 
amounts sufficient to produce a resultant con- 
centration of 2 to 8 mg% (0.07 to 0.29 mmol/ 
1) in the solution resulted in a rapid decrease 
in the amplitude of the contractions and a fall 
in tone (Fig. 1, A and B). This effect was 
noted within 15 to 30 seconds and the contrac- 
tions generally disappeared within one minute. 
The addition of smaller amounts of Dilantin 
resulted in a more gradual decrease in the tone 
and in the amplitude of the contractions. A 
concentration of 0.5 mg % (0.018 mmol/1) 
was sufficient to reduce considerably the am- 
plitude of contraction of the gut (Fig. 1, C). 
With the smaller concentrations of Dilantin, 
the gut contractions would become reduced in 
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FIG. 1. A. Effects of Dilantin upon 2 separate samples of rabbit duodenum, both examined 
simultaneously, Note rapid decrease in amplitude of contractions and fall in tone upon addi- 


tion of the drug; also note more rapid effects of higher concentrations. 


B. Note rapid return 


of contractions of normal amplitude upon flushing away the Dilantin. Gut exposed to higher 
concentration requires a longer time and more flushing before returning to normal level of con- 
tractions and of tone. 


amplitude, but after several minutes the con- 
tractions would become fairly constant in 
strength. 

Dilantin affects the rate as well as the am- 
plitude of contractions. This effect is appar- 
ent in concentrations of the drug which mark- 
edly depress the amplitude of contractions 
without, of course, abolishing them (Fig. 2). 
By means of increasing the amplifying factor 
of the apparatus, it was possible to detect 
minute contractions of the gut. With concen- 
trations of Dilantin of 6 to 8 mg%, the rate 
of contractions was reduced to one-third to 
two-thirds of the control rate. 

The effects of Dilantin are rapidly revers- 
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FIG. 1. C, Slower and lesser effect of smaller con- 


centrations of Dilantin on amplitude and rate of 
contractions. 


ible. Even after the gut had been exposed to 
concentrations of the drug sufficient to pre- 
vent any recordable contractions over a period 
of over 50 minutes, removing the drug solu- 
tion and replacing it with fresh Tyrode solu- 
tion led to the appearance of small contrac- 
tions within 75 seconds and a return to nor- 
mal amplitude of contractions within 3 min- 
utes. This reversibility of effect was present 
after repeated exposures to the Dilantin over 
a period of 8 hours. 


To rule out the possibility that any of the 
effects noted were due to the alkalinity of the 
Dilantin, sodium hydroxide solution was 
added to the Tyrode solution bathing the gut 
in amounts sufficient to equal and, in some 
instances, exceed the pH of a solution of Di- 
lantin concentrated enough to stop the con- 
tractions of the gut. Such an addition of 
base led to an increase in tone (Fig. 3A)(1). 
This increase in tone could be reversed and 
the tone returned to normal levels by the ad- 
dition of Dilantin to the already alkaline solu- 
tion (Fig. 3B). This would appear effec- 
tively to rule out simple alkalinity as the basis 
for the mechanism of action of the Dilantin. 


The effects of the Dilantin were compared 
with the direct effects of sodium phenobarbital 
upon the isolated gut. In concentrations of 
10 mg% (0.39 mmol/l), the sodium pheno- 
barbital had a slight effect in reducing the 
rate of contraction from 16 per minute to 14 
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FIG. 2. A. Control record of contractions of gut. Note great amplitude of contraction and rate 

of 16 per min. B. In intermediate concentrations of Dilantin, amplitude of contraction is re- 

duced. Rate is 15 per min. Amplification has been increased. C. In a concentration of 6 mg % 

Dilantin contractions of the gut are barely visible, even with the maximum gain of the ampli- 
fying system. The rate is 11 per min, 


per minute, with some reduction in the ampli- 
tude of contraction as well. At a level of 21 
mg% (0.83 mmol/l) there was a marked re- 
duction in the amplitude of contractions and 
the rate was 14 per minute. The effects of 
the sodium phenobarbital upon the gut were 
much less rapidly reversible than those of 
Dilantin. 


Discussion. A concentration of 0.5 mg% 
lec. Na OH, pH =!! |cc. Additional Na OH Solution 


of Dilantin was effective in reducing the am- 
plitude of contraction of the isolated small 
intestine of the rabbit. Concentrations of 8 
mg% abolished recordable contractions. 

It has been reported(2) that the blood lev- 
els of hydantoinate in human patients receiv- 
ing Dilantin for the treatment of epilepsy 
range between 3 to 6 mg%. Thus, it is ob- 
vious that the range of concentrations em- 
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FIG. 3. A. Rise in tone upon addition of NaOH solution. Although the record suggests that 

contractions stopped with the increase in tone, this was not so. Gut continued contracting, but 

contractions were not recorded since normal tension range of this myograph was exceeded. 

This effect of NaOH is reversible by flushing. B. Flushing after addition of base leads to a 

slight reduction in tone. Addition of Dilantin leads to rapid fall in tone. Apparent increase 

in amplitude of contractions is artefactual and is due to tension exceeding recording range of 
the myograph in the earlier section of the record, 
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ployed in these experiments was well within 
therapeutic limits. This is of some practical 
significance, as these findings may help to ex- 
plain the constipation which sometimes de- 
velops in patients taking Dilantin. 

These results may also be of importance in 
relation to the problem of so-called ‘‘abdom- 
inal” epilepsy. Commonly accepted criteria 
for the diagnosis of this form of seizure in- 
clude: (1) episodic attacks of abdominal pain, 
(2) “cerebral dysrhythmia” as revealed by 
electroencephalography, and (3) improve- 
ment with marked reduction or cessation of 
these attacks upon the institution of anti- 
epileptic medication, usually with Dilantin. 
The implication has been that improvement 
upon the institution of this medication is due 
to an effect upon the central nervous system. 
The possibility of such improvement being 
due to a direct effect of the medication upon 
the gut has not been given adequate consider- 
ation. If, as has been demonstrated in these 
experiments (im vitro), the Dilantin has a 
direct effect upon the gut (im vivo), then the 
third criterion is no longer necessarily valid 
in indicating the “central” origin of these at- 
tacks. The problem of ‘‘abdominal” epilepsy 
should be considered without regard for the 
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effects of anti-convulsant medication, unless 
the direct effects of this medication upon the 
gut can be dissociated from its effects upon 
the central nervous system. 

These experiments may have clinical im- 
plications in other diseases affecting the gas- 
tro-intestinal tract, particularly those where 
increased motility or spasticity, or both, are 
prominent. 


Summary. (1) Dilantin has a direct effect 
upon isolated rabbit gut. It reduces tone, re- 
duces the amplitude and rate of contractions, 
and in higher concentrations can completely 
abolish the contractions. (2) The effect of 
Dilantin upon the isolated gut is rapidly re- 
versible by simply replacing the gut in fresh 
Tyrode solution. (3) This effect of Dilantin is 
not due to its alkalinity. (4) Dilantin has a 
much more marked effect upon the gut than 
has sodium phenobarbital. (5) The clinical 
implications of these effects of Dilantin upon 
isolated gut are discussed briefly. 


1. Gruber, C. M., J. Pharm. Exp. Therap., 1926, 
v30, 149. 

2. Kozelka, F. L., and Hine, C. H., zbid., 1940, 
v69, 292. 


Received July 26, 1955. P.S.E.B.M., 1955, v90. 


Propagation of Equine Abortion Virus in the Chick Embryo.* (21973) 


CHARLES C. RANDALL. 


Department of Microbiology, Vanderbilt University School of Medicine, Nashville, Tenn. 


Doll(1) was the first to offer unequivocal 
proof that the virus of equine abortion (EAV) 
can be cultivated in the chorio-allantoic mem- 
brane of the chick embryo with intranuclear 
inclusions characteristic of the disease.. The 
hamster-adapted variant used in his experi- 
ments would not induce infection in chick em- 
bryos by allantoic, amnionic or yolk-sac inoc- 
ulation. Doll has pointed out that all at- 
tempts at propagation with infected equine 
fetal tissue have met with failure in the chick 
embryo. Previous experience(2) has shown 


* Aided by a Grant from the Grayson Foundation, 
Inc. 


that a field strain of EAV can survive 8 serial 
passages in chick embryo lung and liver main- 
tained in flasks. No inclusions could be iden- 
tified in chick tissue but were demonstrated in 
fetal horse tissue inoculated with chick em- 
bryo passage material. In the present com- 
munication, the serial propagation of EAV in 
chick embryos is reported. 


Material and methods. The virus used to 
initiate this study (strain F) had been 
adapted to the hamster liver(3). The liver 
inocula, hamster or chick embryo, were frozen 
and ground, diluted 1:10 in physiological 
saline and centrifuged lightly. Fertile eggs 
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of 12-day incubation were injected with 10% 
liver suspension in the yolk and amniotic sacs 
with 0.5 ml and 0.1 ml respectively. Initially, 
the eggs were inoculated with hamster liver, 
and subsequently with chick embryo liver for 
14 consecutive passages. Each serial passage 
was terminated 4-5 days following inoculation. 
In order to determine the pathogenicity of 
chick embryo material, alternate passages 
were inoculated into 3-week-old hamsters. 
Representative pieces of liver from the ham- 
ster and chick embryo passages were fixed in 
Zenker-acetic acid for histological studies. 

Complement-fixation methods. The original 
complement-fixation procedure(4) for equine 
abortion employing the 50% hemolysin end- 
point method, was abandoned because of the 
excessive amount of reagents required. Doll 
later employed the conventional method(5). 
The latter procedure was used in the present 
study to save materials. The liver antigens 
were ground in physiological saline and stored 
at —50°C. Prior to use they were centrifuged 
at 2500 rpm for 10’. The origin and prepara- 
tion of the positive and negative sera, and con- 
trol antigens, have been previously docu- 
mented(3,6). Essentially, the procedure util- 
ized 2-fold 0.25 ml serial dilutions of antigen, 
0.25 ml of 1:10 dilutions of antiserum of 
equine origin and 2 full units of complement 
in 0.5 ml]. Fixation was carried out overnight 
at 4°C and 0.5 ml of sensitized cells were 
added for 1 hour at 37°C. Adequate controls 
were used for each reagent, including normal 
horse serum. 

Results. Serial propagation in chick em- 
bryos. No significant mortality was observed 
in any of the trials. The search for intra- 
nuclear inclusions characteristic of the infec- 
tion in susceptible species was unrewarding 
in early experiments. In the 6th and subse- 
quent passages intranuclear inclusions were 
identified in liver parenchymal cells. They 
were indistinguishable from those seen in the 
horse(6). Inclusions were occasionally nu- 
merous, usually focal in distribution and not 
abundant. 

Identification of embryo propagated virus. 
Hamster adapted equine abortion virus is 
quite pathogenic for young hamsters with 
LD; titres varying between 10° and 10°. 
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TABLE I. Complement Fixation Reactions. 


Antigen titration 


Antigens end-points 
Equine fetal lung (abortion 128 
virus) 
Normal fetal hing A 


14th passage chick embryo Anticomplementary 
liver 


” 


Normal chick embryo liver 


Hamster liver inoculated with 64 

14th passage chick embryo 
Normal hamster liver 8 
Intranuclear inclusions are constant and 


abundant in the parenchymal cells of the 
liver. Chick embryo passage material re- 
mained pathogenic for 3-week-old hamsters, 
but the results were variable. Ten per cent 
chick embryo liver rarely killed all inoculated 
animals. The liver from all dead animals con- 
tained abundant typical inclusions. Doll(7) 
reports that chick embryo EAV loses patho- 
genicity for weaned hamsters. The dilution 
of the original hamster material during serial 
passage in chick embryo exceeded 10°1°. The 
dilution is only approximate since the routes 
of inoculation preclude accurate calculation. 
The known limiting dilution of infectivity was 
greatly exceeded, showing that the agent has 
been propagated in the chick embryo. The 
chick embryo adapted virus was further iden- 
tified by the complement-fixation reaction. 
The data shown in the table present proof 
that the specificity of the egg adapted virus 
was maintained. The antigen titration end- 
point is defined as the highest dilution of an- 
tigen which resulted in complete fixation of 
complement with a 1:10 dilution of antiserum 
of equine origin. 

Summary. The adaptation of hamster 
modified equine abortion virus to the chick 
embryo is reported. Characteristic intra- 
nuclear inclusions were identified in the liver 
parenchymal cells of chick embryos and ham- 
sters receiving serial passage chick embryo 
liver. Identification of the virus is substan- 
tiated by the use of the complement-fixation 
reaction. 
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Studies of the role of skeletal sodium have 
been hampered by technical difficulties en- 
countered in the analysis of this tissue for so- 
dium content. These difficulties arise largely 
from the fact that bone contains tremendous 
amounts of calcium, the molar Ca/Na ratio 
being of the order of 25/1. This quantity of 
calcium causes serious interference with both 
the flame photometric and gravimetric meth- 
ods for determination of sodium; and phos- 
phate, in the quantities present in bone, may 
also interfere. Radioactivity measurements 
require large corrections for self-absorption if 
unaltered solutions of bone ash are used, and 
if attempts are made to precipitate calcium 
and phosphorus, as much as 20% of the radio- 
sodium present may be removed by co-precipi- 
tation(1). 

In an attempt to circumvent the difficulties 
inherent in analysis of bone for sodium, a new 
method was developed in which interfering 
substances are removed by cation exchange 
chromatography(2). Under the conditions 
employed, sodium appears in the eluate en- 
tirely free from phosphate, calcium, mag- 
nesium and potassium, whereupon the sodium- 
containing fraction can be easily analyzed by 
flame photometry. 

The present report extends this investiga- 
tion to include the behavior of radioactive so- 
dium on the column, and further defines the 
accuracy and limitations of the method. 

Method. Column characteristics — A col- 
umn 1.3 x 60 cm is employed, containing 27 g 
(oven-dried basis) of the sulfonated polysty- 


rene resin Dowex 50-x12 (50-100 mesh). The 
resin rests on a plug of Pyrex glass wool and 
fills the column to a height of 42 cm. Details 
of the preparation and operation of the col- 
umn and the collection of eluate fractions are 
given in a previous publication(2). Analysis 
of Effluent Fractions. Analyses for Na?* and 
for K and Mg were carried out by standard 
methods (for references see 2). Calcium was 
determined by the hexanitratocerate technic 
(3). For purposes of this study, a special 
hood was fitted to the Weichelsbaum-Varney 
flame photometer in order to exhaust radio- 
active fumes to the outside. Measurements of 
Na?*t were made by pipetting 2 ml samples of 
eluate into 1.5 x 4.5 cm vials, which were then 
counted directly in a well-type scintillation 
counter. In instances where the activity was 
low, the sample was first evaporated on a 
steam bath to the appropriate degree of con- 
centration. A known aliquot of Na??, appro- 
priately diluted in NaCl solution, served as a 
standard. Decay corrections were obviated 
by counting the eluate fractions and the 
standard solution on the same day. The usual 
corrections for coincidence effects were ap- 
plied. Preparation of Bone Samples. Bone 
is first dried and then ashed overnight at 
525°C in a muffle furnace. The ash is dis- 
solved in 3 N HCl, and the resulting solution 
boiled for 10 minutes. This solution is then 
placed on the column, any remaining dark 
particles having been removed by filtration 
through Pyrex glass wool, allowed to flow into 
the resin bed, and elution with 0.8 N HC] be- 


* Supported by a grant from the Playtex Park 
Research Foundation 


t Radiosodium2? was obtained from the Oak Ridge 
National Laboratories. 
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FIG. 1. Elution pattern of beef bone ash solution (0.5 g wet bone). Eluate collected in 25 ml 
fractions. Scale on the left-hand ordinate reads directly for Na and Mg, and should be multi- 
plied by 0.1 for K. Phosphorus is plotted in mg x 107%, 


gun. Pyrex-brand glassware is used through- 
out. 
Results. Elution of Bone Ash Solutions. A 


representative elution curve for a solution of 
bone ash (representing 0.5 g of wet beef 
bone) is illustrated in Fig. 1. Phosphate is 
found only in the 0-50 ml range and K in the 
600-1000 ml range. Magnesium first appears 
at the 525 ml. mark and is not completely 
eluted by 1000 ml. Calcium does not appear 
by the 1000 ml mark, and requires 400 ml of 
6 N HCI to effect a complete recovery. The 
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FIG. 2. Sodium elution pattern of beef bone ash 


solution (0.5 g@ wet bone) to which Na* had been 
added. ‘Eluate collected in 25 ml fractions. Elu- 
triant 0.8 N HCl. 


t The bone powder used was found by analysis to 
contain 12.2 meq. Ca and 0.25 meq. Na/g wet weight. 


100-400 ml fraction which contains the so- 
dium is thus free from P, K, Mg and Ca. No 
attempt was made to test for the presence of 
other ions. 

Fig. 2 illustrates the sodium-containing 
fraction of the eluate from a solution of bone 
ash to which a known amount of Na?” had 
been added. Both isotopes follow the same 
elution pattern with no appreciable change in 
the Na?*/Na** ratio as the elution proceeds. 

In Fig. 3 a series of elution curves for Na?” 
(approximately 0.4 «c in each instance) added 
to bone samples of varying size are depicted. 
The position of the elution curve remains 
fairly constant from one run to the next. 
However, it was found that the Mg curve 
shifted markedly with variation in sample size. 
Its position for 0.5 g of bone is indicated in 
Fig. 1. When 0.75 g of bone were used, Mg 
first appeared in the 400-425 ml fraction and 
with 1 g, it was present by the 300 ml mark. 
In a previous study(2), it was noted that as 
the sample size was increased, calcium ap- 
peared much earlier. 

Recovery of Added Na**. Recoveries of 
radiosodium added to solutions of bone ash 
and to a known quantity of NaCl are listed in 
Table I, the data indicating a high degree of 
accuracy for the, procedure as we have em- 
ployed it. In.the instance in which NaCl was 
used, it was found that the specific activity of 
the sodium added: to the column corresponded 
very closely to that recovered, the two values 
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FIG. 3. Effect of sample size on sodium elution 
pattern, Elutriant 0.8 N HCl. Eluate collected in 
12 ml or 25 ml fractions. 


being 9.0 x 10° and 8.8 x 10° cts/min/meq. 
Na respectively. 

Procedure adopted for determination of 
specific activity of bone samples. Bone is pre- 
pared as indicated above. The solution of 
bone ash is added to the column in a volume 
not to exceed 10 ml and allowed to flow into 
the resin bed. Elution with 0.8 N HCl is then 
carried out at a flow rate of 2.0 + 0.5 ml per 
minute. The 0-100 ml eluate fraction is dis- 
carded. The 100-400 ml fraction is collected 
quantitatively and used for radioactivity 
measurements and for Na analysis by flame 
photometry. The elutriant is then changed to 
6 N HCl in order to elute other cations more 
rapidly, and at least 400 ml is run through in 
order to completely elute K, Mg and Ca. 


TABLE I. Recovery of Radiosodium. 


Na” re- 
Na®* added, covered, % 
Sample ¢ts/min, ets/min. recovery 
SZ 1000 eee 
NaCl, 0.3 mM 270.7 268.8 99.4 
Zone, 1 g¢ 263.9 261.6 99)2 
1 289.9 291.9 100.7 
1 288.1 293.2 101.8 
1 255.0 254.9 99.9 
1 251.9 253.9 100.7 
oO 251.9 256.7 102.0 
a) 252.8 256.3 101.4 
io 252.8 255.0 100.9 
5) 944.5 246.6 100.8 
Avg : 100.7% 
Stand. dev. 94 


sid error 30 


Approximately 300 ml of 0.8 N HCl are then 
run through the column in order to re-equi- 
librate the resin with the weaker acid. The 
resin is then agitated by repeated inversions 
of the column, whereupon it is ready for the 
next run. The entire procedure, including the 
reconditioning of the resin, occupies about 7 
hours, during which time the column requires 
very little attention. 

The Na-containing fraction of eluate is 
thoroughly mixed, and an aliquot evaporated 
to dryness on a steam bath in order to drive 
off most of the HCl. The residue is made up 
to volume with water and analyzed for Na® 
by flame photometry. Depending on the 
amount of radioisotope present, radioactivity 
measurements are then made on another ali- 
quot either in the original state, or after suit- 
able concentration or dilution. 

Discussion. It is evident that Na?? and 
Na”® behave in similiar fashion on this cation 
exchange column, and that measurements of 
the specific activity of sodium in bone are 
feasible by this method. Interfering sub- 
stances relative to Na** analysis are removed 
by the procedure as we have employed it, and 
the necessity for large self-absorption correc- 
tions in Na” analysis has been obviated since 
the Na-containing fraction of the eluate has 
a low solute content. 

There are certain limits to sample size for 
a column of these dimensions. Analyses for 
Na?* gave distinctly less accurate results when 
amounts of the order of less than 0.06 meq. 
were added to the column(2), presumably be- 
cause of the small but definite reagent blank. 
According to the results of our previous study 
on the composition of rat bone, sample size 
should therefore be not less than 0.5 g¢ (wet 
weight) for very young animals and 0.25 g 
for adults(2). The upper limit depends on 
whether a slight degree of Mg contamination 
of the Na fraction can be tolerated: if not, 
the sample size should not exceed 1.5 g¢ for 
young animals and 0.75 g for adults. The 
marked shift in the calcium curve places an 
absolute upper limit at 4 and 2 g, respectively, 
for the 2 age groups. 

Since different batches of Dowex 50 may 
differ somewhat, elution curves should be run 
prior to using this method for analysis of bone 
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for sodium. In this connection it should be 
noted that the elution characteristics of the 
column we are now using differ slightly from 
those depicted previously (2). 

Conclusion. A new method for the deter- 
mination of specific activity of sodium in bone 
is presented. The method consists of placing 
a solution of bone ash on a cation exchange 
column. Elution with acid results in the 
quantitative recovery of both stable and ra- 
dioactive sodium in a certain fraction of the 
eluate; this fraction is free from P, K, Mg and 
Ca and can be easily analyzed for both sodium 
and radiosodium. 


Oestrogenic Activity of 16 Epi-Oestriol.*+ 
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The scintillation counter equipment was made 
available to us through the kindness of Mr. J. Russell 
Hayes of the Medical Division, Atomic Energy 
Project of the University of Rochester, and the 
specially adapted flame photometer by Dr. Tait 
Toribara of the Radiation Biology Division. 
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The isolation of 16 epi-oestriol (oestra- 
1:3:5-triene-3:16B:17B-triol) from the acid 
hydrolyzed urine of pregnant women was 
described by Marrian and Bauld(1). Since 
the yield of this new Kober Chromagen was 
0.1 mg/l and since this substance seems 
identical with 16 epi-oestriol as prepared by 
Huffman(2) considerable impetus was given 
to the present investigation in an effort to 
ascertain its activity on the growth potential 
of the uterus of the ovariectomized rat. Vag- 
inal smears were also studied quite exten- 
sively. Moreover, since practically no bio- 
logical information exists in the scientific liter- 
ature on this naturally occurring oestrogen it 
seemed of particular significance at this time 
to elaborate its biological activity. 


* Aided in part by a grant from the U.S.P.HS., 
C-2546 National Institutes of Health. 

+ We are most thankful for the generous amount 
of 16 epi-oestrio] given us by Professor Max N. Huff- 
man of the Oklahoma Medical Research Foundation. 

{ Present address: Department of Anatomy, Yale 
University School of Medicine, Sterling Hall of Medi- 
cine, New Haven Conn. 

§ The technical assistance of Miss Nancy M. Raney 
and Miss M. Claire Simoneau is gratefully ac- 
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Procedures. Virgin, albino rats, approxi- 
mately 100 days of age, were used in these 
experiments. They were started on treatment 
7 days after bilateral ovariectomy. The 16 
epi-oestriol was dissolved in U.S.P. propylene 
glycol, and injected subcutaneously once daily 
for 3 days. Vaginal smears were taken daily, 
and 72 hours after the first injection necrop- 
sies were performed. The uteri were removed 
quickly and slit longitudinally on bibulous 
paper, thus removing excess uterine luminal 
fluid. The uteri were then weighed to the 
nearest 0.2 mg on a Roller-Smith torsion bal- 
ance. After the wet weights were determined, 
the uteri were placed in an oven at 110°C for 
dry weight determinations. A standard period 
of 24 hours at 110°C was used uniformly for 
drying each uterus. After this period the 
weight of each uterus was determined on a 
Roller-Smith torsion balance. 


Results. A. Effect of 16 epi-oestriol on 
vagina of the ovariectomized rat. These re- 
sults clearly indicate that 16 epi-oestriol has 
the ability to induce oestrogenic changes in 
the vagina of the ovariectomized rat (Table 
I). A demonstrable effect can be observed 
with 1.0 wg of this substance. Additional 
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TABLE I. Influence of 16 Epi-oestriol on Vagina of the Ovariectomized Rat. 


- - Vaginal smear — — 
Daily dose of 24 hr 48 hr 56 hr ea aa 
16 Succes ug after 1st inj. after Ist inj. after 1st inj. after 1st inj. 
00 6) Epes Se L++++ L++++ 
(1 ce propylene glycol) Bn Pies 
O01 L+++0+ L++E+C-+ L+-+E+C-+ Ute 
sl 2 ee L+-+C-+ y Oat 
1 L++E+C+ L+E+C+ L+E++C-+ L+E+C+-+ 
5 L+C+-+ L-+-E++C+ # LE+-+C+-+ 
10 L+EC+-+ He -C-- = L-+EC+-+ LEC+-+ 
25 L+E+C+ + # 4 LE+C+-+ 
30 xs Cee Lise Osa Ue Si me 
40) L+C+-+-+ LC-----F LO+++ CapSsPaes= 
50 L+EHC++-+ LE-+C+-+ Zs DOP 
100 LY E+C+-+ * 
Bt Lf E+ L+E+C++  L+EC++ C++++ 
oestradiol 172 
Io Weucoeytess) sey Nucleated epithelial cells; C = Cornified cells. 


The pluses indicate the ratio of cell types found in the vaginal smear. For example : 
L+E+C+-+ = considerably more cornified cells than leucocytes and nucleated epithelial cells. 


doses of 16 epi-oestriol produced a more defin- 
itive oestrous pattern, whereas 3 daily doses 
of 40 yg effected a full-blown estrous pattern 
in the vagina. Comparatively, this material 
is a very weak oestrogen, especially when one 
compares it with the vaginal cornifying ef- 
fects of the various oestrogens(3,4). Of par- 
ticular significance is the fact that 72 hours 
were required for the induction of a full vag- 
inal oestrous smear (Table I). 

B. Influence of 16 epi-oestriol on uterus of 
the ovariectomized rat. That this substance 
is a very weak oestrogen is further borne out 
by the information obtained from the wet and 
dry uterine weights. A slight, but statistically 
significant, increase in both the wet and dry 
uterine weights was observed in those animals 
receiving 1.0 »g of this material (Table II). 
A further increase in uterine weight was ob- 
served in the group of rats given 10 yg, and 
the maximum response was observed when 
40 pg were administered daily for 3 days. In- 
terestingly enough, parallel results were ob- 
tained with the various dosages of 16 epi- 
oestriol for both the vaginae and uteri (Tables 
T and II). 

Included in Table II is the effect of injec- 
tions of oestradiol 178 on the uterus of the 
ovariectomized rat. A dramatic uterine re- 
sponse, far above that obtained with 400 times 
(on a weight relationship basis) the amount of 
16 epi-oestriol, was achieved with oestradiol. 


The increase was quite marked regardless of 
the vehicle used, sesame oil or propylene 
glycol (Table II). 


Discussion. These results show quite con- 
clusively that 16 epi-oestriol is the weakest of 
all known naturally occurring oestrogens de- 
scribed thus far(3-5). The exact function of 
this oestrogen is not known at this time, but it 
would not be too conjectural to think of this 
substance as a possible link in the metabolism 
of the oestrogens. Jurthermore, while the re- 
cent results of Hisaw, Velardo, and Goolsby 
(5) indicated that oestriol had the ability to 
markedly restrict the action of oestradiol 178 
on the growth of the uterus of the ovariecto- 
mized rat, preliminary results at hand seem to 
suggest quite strongly that this compound (16 
epi-oestriol) shares in common with oestriol 
the property of restricting the uterine growth 
promoting action of oestradiol 178. Addi- 
tional research on this phase of our work is 
now in progress. 


Summary. The oestrogenic activity of 16 
epi-oestriol was determined. Virgin, adult al- 
bino rats were ovariectomized, and 7 days 
later were put on experiments. A _ dose-re- 
sponse (0.01 to 100 yg) of this substance was 
determined utilizing the uterus and vagina as 
end points. The results from these experi- 
ments indicate that 1.0 pg of this oestrogen 
produces a slight effect on the vagina as well 
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TABLE II. Influence of 16 Epi-oestriol on Uterine Growth in Ovariectomized Rats. 
0W0ceocNs——oOoOO eee ee er:r-:is__ ee 


Treatment 


Control, 10 full days after ovariectomy 
1 pg oestradiol 17g in Sesame oi] 
4 in prop. glycol 


01 16 epi-oestriol 
1 


No. of Uterine Uterine 
animals wet wt (meg) dry wt (mg) 
25 malliove =eroro 22.4 65 

36 227.3 + 6.1 42.3 + 1.8 

15 236.0 + 1.0 44,4 + 2.5 

8 143.0 + 7.2 27.0 + 2.1 

15 126.4 + 5.2 27.2 + 1.5 

8 150.0 + 8.6 PAG ALS cfs. 

8 142.7 + 6.8 25.8 + 1.7 

9 171.4 + 8.7 28.5 + 1.6 

9 164.3 + 5.1 30.5 + 1.1 

7 167.2 + 8.3 32.8 + 2.0 

7 181.6 + 8.0 33.0 + 2.0 

7 NG ier (ell 32.6 + 1.9 

180.2 + 7.3 30.6 + 1.5 


for) 
| 
| 


* Avg + stand. error. 


as on the uterus. Three daily doses of 40.0 
g of 16 epi-oestriol produced a maximal ef- 
fect on the vagina (full cornification) and the 
uterine weight. This substance seems to be 
the weakest of all the known naturally-oc- 
curring oestrogens described thus far. 


1. Marrian, G. F., and Bauld, W. S., Biochem. J., 
1955, v59, 136. 


| 
| 
| 
} 
| 


| 
| 
| 


2. Huffman, M. N., J. Amer. Chem. Soc., 1942, v64, 
2235% 

3. Sondern, C. W., and Sealey, J. L., Endocrinology, 
1940, v27, 670. 

4. Sealey, J. L., and Sondern, C. W., ibid., 1941, 
v29, 356. 

5. Hisaw, F. L., Velardo, J. T., and Goolsby, C. M., 
J. Clin. Endo. and Metab., 1954, v14, 1134. 
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Pentose Dependence of Lactobacillus gayonii and Related Species tor 


Early Growth.* 


(21976) 


Merritt N. CAMIEN AND Max S. DuNN. 


From the Chemical Laboratory, University of California, Los Angeles. 


Requirements for early growth of Lacto- 
bacillus gayoni and the closely related species, 
buchneri, lycopersici, fermenti, mannitopoeus 
and brevis have been investigated recently in 
the authors’ laboratory because preliminary 
screening experiments showed this group of 
organisms to be particularly well suited for 
studies of D-a-hydroxy fatty acid and related 
lipid metabolism. ‘The latter investigations, 
which were prompted by the finding that 
D-a-hydroxy fatty acids are essential in the 
nutrition of Lactobacillus casei 280-16(1,2), 


* Paper 108. This work was aided by grants from 
the Eli Lilly Co., the Nutrition Foundation, Swift 
and Co., and the University of California. The 
authors are indebted to Miss Lynn Wyler for tech- 
nical assistance. 


are to be described in subsequent reports. The 
effects of pentoses were studied because it had 
been shown previously that these sugars pro- 
mote better growth and acid production than 
does glucose for this particular group of micro- 
organisms(3), and it has now been found that 
although glucose may be utilized adaptively, 
an appropriate pentose is essential for early 
growth of most of these species. 


Methods. The sugars tested were D-glucose 
(C.P. dextrose, J. T. Baker Chemical Co.), L- 
arabinose (Pfanstiehl Chemical Co.), D-arab- 
inose, L-xylose, D-xylose, and D-ribose (prod- 
ucts of Nutritional Biochemicals Corp.). Sugar 
solutions: of appropriate concentration were 
added to'13 x 100 mm soft glass test tubes 
together with sufficient water to make 1.0 ml 
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per tube and sterilized in the autoclave. The 
test medium, consisting of enzymatically di- 
gested casein (N-Z-Case, Sheffield Farms Co.) 
0.6%, yeast extract (Difco) 0.2%, ammonia- 
hydrolysed yeast nucleic acid(4) 0.02%, glu- 
cose 0.5%, vitamin-mineral mixture(5) 20.6 
mg %, and buffer solution(5) 5.0 ml %, was 
made to two-thirds final volume, autoclaved 
15 minutes at 15 lb and added (2 ml per tube) 
aseptically to the previously sterilized tubes. 
The test microorganisms, described previously 
(6),1 were maintained for the 10 years pre- 
ceding the present experiments by serial sub- 
culture at 3-week intervals in Bacto-tomato 
juice agar (Difco) (the fresh stabs were in- 
cubated 40 hours then stored in a refriger- 
ator). An inoculum medium was prepared by 
making a uniform suspension of dehydrated 
Bacto-tomato juice agar in the amount of 
water (cold) recommended by the manufac- 
turer, stirring it for 10 minutes and then filter- 
ing to remove the agar, which, under these 
conditions, remained mostly undissolved. 
Fifteen ml aliquots of the filtrate were distrib- 
uted into 50-ml centrifuge tubes and sterilized. 
Eighteen- to 24-hour cultures of the test or- 
ganisms in this medium were centrifuged and 
resuspended in sufficient sterile saline to yield 
approximately 10* cells per ml. One-tenth ml 
of suspension per tube was employed as the 
inoculum. The inoculated tubes were incu- 
bated in a precision constant temperature 
water bath at 35°C. 


Results. Bacto-tomato juice agar was em- 
ployed as the inoculum medium (agar re- 
moved) to avoid adaptations during growth of 
the inoculum which might not have already 
occurred during maintenance of the test micro- 
organisms. It is of interest in this respect that 
the composition of Bacto-tomato juice agar 
(tomato juice solids 2%, Bacto-peptone 1%, 
Bacto-peptonized milk 1%, agar 1.1%) in- 
cludes tomato juice as the sole source of utiliz- 
able carbohydrate for most of these organisms 
since lactose, presumably present in pepton- 
ized milk, is not utilized appreciably by this 
group with the exception of L. fermenti(3). 


+The American Type Culture Collection No. of 
L. brevis is incorrectly given as 8257 in the reference 
cited. The correct number is 8287. 


No report has been found concerning the types 
of sugar present in tomatoes, but it seems 
likely that pentoses are present in Bacto- 
tomato juice agar since the test organisms, as 
will be shown further on, remain unadapted to 
glucose utilization. The total sugars present 
in tomatoes average about 3.4% according to 
Chatfield and Adams(7). 


Yeast extract was included in the test me- 
dium since it has been shown previously to 
stimulate growth of lactic acid bacteria(3), 
and ammonia-hydrolysed yeast nucleic acid 
was employed as a nucleotide supplement, 
since the latter is known to stimulate growth 
of L. gayonii(4). The growth rates of L. 
brevis, L. buchneri, L. gavonii and L. mannito- 
poeus were determined in the test medium 
with L-arabinose as the sugar source with and 
without the yeast extract and ammonia-hydro- 
lysed yeast nucleic acid, and the stimulatory 
effects of these supplements (data not shown) 
were found to be independent and additive ex- 
cept with L. buchneri, for which the ammonia- 
hydrolysed yeast nucleic acid appeared to be 
inert. The complete test medium (containing 
both supplements) was used in subsequent 
experiments unless otherwise specified. 


Glucose (0.5%) was autoclaved with the 
medium in all of the tests (unless otherwise 
noted) since Rogers e¢ al.(8) have shown that 
an unidentified substance essential for early 
growth of L. gayonii is formed in glucose con- 
taining media upon heating. The concentra- 
tions of the various sugars tested (including 
glucose) were in addition to this basal glucose 
level, but the test sugars were sterilized sep- 
arately from the medium to avoid alteration 
through “browning”. 

The data shown in Fig. 1 illustrate that 
L. brevis (B), L. gayonii (G), and L. manni- 
topoeus (M) respond markedly to L-arabinose 
(a) in 16 hours, but negligibly to glucose (g) 
under these conditions. Similar effects were 
noted with L. buchneri and L. lycopersici 
(data not shown), but L. fermenti exhibited a 
considerable 16-hour response to glucose, ex- 
ceeded only by that to D-xylose and D-ribose. 

All test organisms responded ultimately to 
glucose, although L. buchneri was slowest in 
doing so. The data presented in Fig. 2 show 


PENTOSE DEPENDENCE L. yvayonii FoR Earty GrowtH 185 
“| ——3-—_0—~4 5 
124 io 74 
a a 
8 - B C5 5-4 
G 
a 34 
4 aBiey/ g g 
{_ ooo 9-—_O0-—_0-—— 0 
T T T T T T 
0.8 1.6 0.8 6 O48 1.6 


FIG, 1. 16 hr response of L. brevis (B), L. gayonii (G) and L. mannitopoeus (M) to L-arabin- 

ose (a) and D-glucose (g). Values on horizontal scales are sugar concentrations (%); those 

on vertical scales are titrations (calculated as ml of 0.01 N NaOH required to neutralize 1 ml 
of culture). 


that the response of L. buchneri to glucose (g) 
was still only slight after 145 hours, whereas 
D-xylose (x) was nearly completely fermented 
in 145 hours and L-arabinose (a) in 50 hours. 

Eighteen-hour responses of each of the test 
organisms to 1% L-arabinose, D-ribose, D- 
xylose and D-glucose, respectively, are given 
in Table I (the responses to D-arabinose and 
L-xylose were excluded from the table because 
they were negligible in all cases). L-Arabinose 
vielded the best or nearly the best response 
for all the test organisms except L. fermenti, 
and D-ribose and D-xylose were generally 
much better utilized than D-glucose (al- 
though some utilization of the latter was al- 
ready in evidence). 


T 
S10) 100 
FIG. 2. Growth of L. buchneri with 2% L-arabin- 
ose (a), 2% D-xylose (x), and 2% glucose (g). 
Values on horizontal scale are hours of incubation ; 
those on vertical scale are titrations (calculated as 
ml of 0.01 N NaOH required to neutralize 1 ml of 
culture). The yeast extract, the ammonia-hydro- 
lysed yeast nucleic acid and the initial supplement 
of glucose were omitted from the test medium in 
this experiment. 


Results in the test medium solidified with 
agar and supplemented with D-glucose and 
L-arabinose, respectively, showed the same 
trends as in liquid medium. Colonies of L. 
brevis, L. gayoniu and L. mannitopoeus in L- 
arabinose-supplemented agar medium were 
large (approximately 3 mm diameter) after 
40 hours incubation under carbon dioxide, 
whereas those in D-glucose-supplemented agar 
medium were still nearly microscopic after this 
length of time. Colonies in the latter medium 
ultimately reached normal size, however, and 
the final number of colonies per unit volume 
of inoculum suspension were approximately 
the same with either D-glucose or L-arabinose, 
indicating that probably each cell in the in- 
oculum suspension possessed an adaptive 
mechanism for the utilization of D-glucose. 

The relatively large amounts of pentose re- 
quired to promote growth of the test organisms 
(Fig. 1) suggest that the pentose functions as 
an energy source, rather than as a vitamin- 
like nutrient. A study of the enzyme systems 
involved has not been attempted, but a reason- 
able hypothesis appears to be that these pen- 
tose-requiring organisms possess a constitutive 
pentokinase together with an adaptive hexo- 
kinase. It seems unlikely that the growth- 
promoting effects of the pentoses were due to 
contamination with vitamin-like growth fac- 
tors since the test medium contained yeast 
extract, which is generally found to be an ade- 
quate source of such unidentified nutrients. 
This possibility was rendered still less likely 
by the use of recrystallized L-arabinose, which 
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PENICILLINS IN HEMOLYTIC STREPTOCOCCUS INFECTION 


TABLE I. 18-Hour Response of the Test Organisms to 4 Sugars (at 1% Concentration). 


Growth response (acid production) * 


L-Arabinose 


14.25 


L. brevis 

L. buchneri 10.28 
LL. fermenti 2.38 
DL. gayonit 11.28 
L. lycopersici 3.40 
LL. mannitopoeus 13.48 


was found to have retained all of its original 
growth-promoting activity. 

That D-glucose has been ‘employed with 
general success as a carbohydrate source for 
these and related microorganisms may be ac- 
counted for by adaption to D-glucose resulting 
under the test conditions employed. Cheldelin 
and Riggs(9), for example, carried their cul- 
ture of LZ. gayoni (A.T.C.C. 8289) in a me- 
dium containing 1% glucose, 1% yeast ex- 
tract, and 2% agar and, like most other re- 
searchers, employed an inoculum medium also 
containing glucose as the sole carbohydrate 
source. Such conditions would, of course, be 
certain to maintain this organism in its maxi- 
mally adapted state. 

Summary. Evidence has been presented in- 
dicating that an appropriate pentose is essen- 
tial as an energy source for early growth of 
L. brevis, L. buchneri, L. gayonii, L. lycoper- 
sici and L. mannitopoeus if passage through a 


D-Ribose D-Xylose D-Glucose 
14.13 12.42 2.80 
4.87 4.80 67 
9.81 8.17 5.33 
11.92 6.42 2.60 
1.30 2.53 2.10 
8.42 10.13 2.79 


* Caleulated as ml of 0.01 N NaOH required to neutralize 1 ml of culture. 


pentose-free glucose-containing medium, which 
would promote adaptive utilization of glucose, 
is avoided. 


1. Camien, M. N., and Dunn, M. S., J. Biol. Chem., 
1953, v201, 621. 
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3. Camien, M. N., Dunn, M. S., and Salle, A. J., 
ibid., 1947, v168, 33. 

4. Hutchings, B. L., Sloane, N. H., and Boggiano, 
E., ibid., 1946, v162, 737. 

5. Camien, M. N., and Dunn, M. S., Proc. Soc. 
Exp. Brot. AND MeEp., 1954, v85, 177. 

6. Dunn, M. S., Shankman, S., Camien, M. N., and 
Block, H., J. Biol. Chem., 1947, v168, 1. 
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Effectiveness of Phenoxymethyl Penicillin V, and Sodium Penicillin G 


Against Hemolytic Streptococcus Infection in White Mice. 


(21977) 


H. M. PoweEtt AND C. G. CULBERTSON. 


From Lilly Research Laboratories, Indianapolis, Ind. 


The following experiments were conducted 
to determine the comparative effectiveness on 
a weight basis of phenoxymethyl penicillin V, 
and sodium penicillin G against hemolytic 
streptococcus infection in white mice. 

Materials and methods. Two groups total- 
ing 640 white mice in 2 tests were injected 
intraperitoneally with a 10° dilution of a 
16-hour blood broth culture of hemolytic 
streptococcus C-203. This is usually some- 


what more than 1000 LDs», but less than 10,- 
000 LDs 9. In one test indicated below it was 
actually 4,050 LDs», and in the other test it 
was 5,900 LD;5» according to virulence tests 
which utilized 100 mice each. Following in- 
jection of the virulent culture, subgroups of 
20 mice each were injected immediately by 
the subcutaneous route with either one or the 
other of the above penicillins. Different sub- 
groups of 20 mice received either 7 or 9 2-fold 


HEMOLYSIN PRODUCTION IN IRRADIATED MICE 


TABLE I. CD50" of Two Penicillins in Hemolytic 
Streptococcus Infected Mice. 


1 dose 2 dose 


Penicillin used therapy (mg) therapy (mg) 


Phenoxymethy] peni- 207 031 
cillin V 
Penicillin G sts 030 


CD; computed by the method of Reed and 
Muench(1). 


differing penicillin dosages in the range of 0.5 
mg to 0.00095 mg. Stock solutions of the 
penicillins were furnished and prepared just 
before use in the mice by Dr. M. D. Bray of 
these laboratories. In one comparative test 
of the 2 penicillins, the mice got a single dose 
of penicillin, given at the time of infection. 
In the second test, a second dose of penicillin 
was given 5 hours after the first dose. 
Results. As shown in Table I, a CD;, 
(dose curing 50% of mice) is indicated for 
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the 2 penicillins from the results of these two 
tests. There was no significant difference in 
the therapeutic efficacy of phenoxymethyl 
penicillin V and penicillin G in the subcu- 
taneous treatment of hemolytic streptococcus 
infections in white mice. The CD-;,» doses of 
the two were comparable, whether on single 
or double injection 5 hours apart. Further- 
more the death rate in mice injected with 
subcurative doses of these two penicillins did 
not differ significantly. 

Conclusion. Phenoxymethyl penicillin V 
and penicillin G have essentially the same 
curative properties against hemolytic strepto- 
coccus infections in white mice when these 
antibiotics are injected subcutaneously. 


1. Reed, L. J., and Muench, H., Am. J. Hyg., 1938, 
v27, 493. 
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Hemolysin Production in Irradiated Mice Given Spleen or Bone-Marrow 


Homogenate. 


(21978) 


FALCONER SMITH AND H. JEANETTE RUTH. 


From the National Cancer Institute, National Institutes of Health, Public Health Service, U. S. 
Department of Health, Education and Welfare, Bethesda, Md. 


Antibody formation is inhibited by expo- 
sure of the whole body to ionizing radiation 
(1,2), and the degree of inhibition is corre- 
lated with the time of antigen administration 
referred to the time of radiation exposure 
(3,4). Spleen or appendix shielding in rab- 
bits during exposure to midlethal amounts of 
X-radiation resulted in a marked retention 
of the capacity to produce antibody to sheep 
erythrocytes(5). Preparatory treatment of 
the antigen with tissues or extracts of cells 
has recently been shown to improve the im- 
mune response in irradiated rabbits(6,7). 
Treatment of radiation injury in mice with 
spleen shielding(8) and spleen or bone mar- 
row homogenates(9,10) accelerates hemato- 
poietic recovery, lowers radiation mortality 
and has been shown to aid in the defenses 
against experimental infection(11). The pres- 
ent work was undertaken to study the hemoly- 


sin response in irradiated mice and to see 
whether the injection of marrow or spleen 
homogenate would hasten the recovery of an- 
tibody production following exposure to X- 
rays. 

Methods. Mice, males of an inbred NIH 
strain, were 11 to 13 weeks of age at the time 
of irradiation. Mice of another strain, 
(BALB/cAn X DBAs;J)F,, hereafter referred 
to as BALB/c, were used in one experiment. 
Littermates and treatment groups were dis- 
tributed as nearly uniformly as possible with- 
in each group of 10 mice during the radiation 
exposure. Irradiation was carried out with a 
200 KVP X-ray unit operating at 20 ma, with 
0.25 mm Cu and 0.51 mm Al added filtration, 
HVL equal to 0.76 mm Cu. Radiation dose 
was 450 r (LD,, 28 days) and in one experi- 
ment, 525 r, given at about 55 r per minute. 
Within an hour or 2 after irradiation, groups 
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following a single immunizing injection of sheep erythrocytes. Mean values for titers above 
1:50 (107) are denoted by (f™), while titers below 1:50 or serums containing no observed 
hemolysin are shown schematically. 


of the mice were given injections of suspen- 
sions of homologous spleen or bone-marrow 
from 4-week-old donor mice. Tissue, ground 
in a Potter type homogenizer and suspended 
in Tyrode’s solution was injected intraven- 
ously. Each mouse received 0.5 ml of the 
suspension adjusted to contain the amount oi 
tissue recoverable from the spleen or both 
femoral marrows of a single donor animal. 
Mice were immunized with a single injec- 
tion of a 2.5% suspension of washed sheep 
erythrocytes given intravenously at the rate 
of 0.01 ml per gram of body weight. This 
volume contained approximately 3.7 x 10° 
sheep erythrocytes which, from preliminary 
trials, was the lowest concentration that would 
yield satisfactory hemolysin titers in control 
mice. Serum from the individual mice col- 
lected at sacrifice was glycerinized and stored 
at about 3°C until the titrations were done 
within 3 to 4 weeks after the collection. 
Serum hemolysin content was estimated color- 
imetrically for individual mice following the 
method described by Taliaferro(12).  Pre- 
liminary experiments had to be done to deter- 
mine both the amount of the peak titer and 


the day upon which it would occur after a 
single immunizing injection. Experiments 
were then carried out to compare the peak 
serum hemolysin titers of irradiated homo- 
genate-treated mice with their irradiated con- 
trols. In these experiments serum was col- 
lected on the 5th day after immunization from 
mice which had received their immunizing in- 
jection during the first or subsequent weeks 
through the 7th week after exposure to 450 r. 

The possibility that the induction phase for 
the production of hemolysin might have been 
lengthened as a result of irradiation was 
tested in the irradiated homogenate-treated 
mice and their irradiated controls in other 
experiments. Serums of mice which had re- 
ceived their immunizing injection on the 4th, 
5th, 6th or 7th week following exposure to 
450 r were collected for hemolysin titration 
on the 5th or 6th through the 9th day after 
immunization. . 

Results. Initial phases of hemolysin pro- 
duction following a single injection of sheep 
erythrocytes are illustrated in Fig. 1, in which 
the titers are shown as the negative logarithms 
of the dilution per ml of the serum required 
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FIG. 2. Serum hemolysin titers on 5th day after 


immunization in marrow or spleen. homogenate- 

treated irradiated mice compared with their irrad- 

iated controls. The mice were given a single im- 

munizing injection of sheep erythrocytes during 

the indicated week following X-ray exposure and 

were sacrificed for the collection of their serums 
5 days later. 


to produce 50% hemolysis in a standard sus- 
pension of sheep erythrocytes. Serum sam- 
ples in which the hemolysin content was. just 
detectable, i.e. <1:50 or not detectable by 
our procedures, have been represented sche- 
matically in Fig. 1 and succeeding figures. 
The highest mean titer of the series, —2.73, 
corresponding to a dilution of 1:537 + 333 
(S.D.) per ml, occurred on the 5th day for 
serums of 23 mice. The slope of the line fitted 
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by least squares through the means of titers 
above 1:50 for days 5 through 10 has the 
value —0.126. If it is assumed that group re- 
sults reflect the changes in circulating hemoly- 
sin for any one animal, this slope represents 
a half life of about 2.4 days for the antibody. 

Hemolysin titers on the 5th immunization 
day in spleen or marrow homogenate-treated 
mice are compared with their irradiated litter- 
mate controls in Fig. 2. Since no difference 
in hemolysin response was observed between 
the irradiated mice treated with bone marrow 
and those treated with spleen homogenate, the 
titrations of serums following these two treat- 
ments are given as for homogenate treatment. 
A gradual recovery of the immune response 
began during the 4th week after exposure to 
450 r and continued at least into the 7th week 
(Fig. 2). The peak hemolysin titers in homo- 
genate-treated mice agree closely with the 
titers of their irradiated controls and no in- 
dication of an accelerated return of the im- 
mune response is seen to be associated with 
the treatment. 

Serums of irradiated or irradiated homo- 
genate-treated mice showed little or no evi- 
dence of hemolysin production until the 4th 
week following exposure to 450 r._ The homo- 
genate treatment stimulated the early recovery 
of hematopoiesis since total leucocyte counts 
averaged significantly higher at 11 days after 
irradiation in 10 marrow and 10 spleen-treated 
mice than they did in 7 irradiated control mice 


TABLE I. Hemolysin Production in BALB/c Mice Given Marrow or Spleen Homogenate after 
Exposure to 525 yr. 


No. mice Week following day of X-ray 
per group 1.5 3 4 5 
Controls 
Hemolysin + S.E.* 2— 4 387) =E39 236 + 50 287 
WBCt +S8.E. + 14.5 +3.8 12.0+ 1 
Spleen wt (mg) + S.E.+ 4 175 + 7.0 215 + 8.5 253 + 48.7 
525 r only 
Hemolysin 9-10 ---)) 60 : <50 
WEC - 10 A104 05 18+ Al) 5.84  .6f 
Spleen wt 9-10 223. 82 124 +101.6 124+ 12.3 
525 r + homogenate 
Hemolysin 15-18 —\s 56 ; 60 
WBC : 19 7.6 + 5 (esas . oil 8.5+ .6f 
Spleen wt 17-19 130 + 84 208 + 23.4 188 + 21.9 


* Dilution/ml of mouse serum giving 50% hemolysis in a standard suspension of sheep ery- 


throcytes. + Total leucocytes & 10?/mm‘*. 


served serum hemolysin. 


| WBC on day 18. 


{ Spleen wt in mg at sacrifice. § No ob- 


§ WBC on day 26. 
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FIG. 3. Serum hemolysin titers in irradiated homogenate-treated mice and their irradiated 


controls for the indicated daily intervals during the 4th through 7th wk following exposure to 
450 x. 


(Bildlsy BENS Sy 2S sb se SOL SAS aa NO) eauls 
per cu mm, respectively). Similar results 
were obtained in another experiment using 
BALB/c mice exposed to a somewhat higher 
radiation. dose as shown in Table [. It is 
worthwhile to point out that the hyperplastic 
spleens seen in the third week (Table I) were 
not associated with improved hemolysin titers. 

Fig. 3 summarizes the results of experi- 
ments which show that the time of maximum 
antibody production in the irradiated mice 
was not noticeably lengthened by the radia- 
tion exposure since there was no evidence that 
peak titers occurred later than the Sth day 
after immunization. The data of Fig. 3 in- 
dicate that the hemolysin titers tended to de- 
cline as the time from immunization increased, 
at least up to the 9th day. Furthermore, the 
homogenate treatment was without marked 
effect on the time of occurrence of maximum 


titer during the 4th through the 7th week 
after exposure to 450 r. The gradual recoy- 
ery of the immune response following irradia- 
tion is shown in the higher individual titers 
and the relatively smaller proportion of low 
titered serums in the 7th week compared to 
the 4th and 5th weeks (Fig. 3). 

Discussion. Homologous bone marrow and 
spleen cell homogenates, injected shortly after 
X-ray, fail to hasten the recovery of the pro- 
duction of anti-sheep erythrocyte antibody in 
irradiated mice. The favorable effect of the 
homogenate treatment on survival after ex- 
posure to X-ray doses in the lethal range is 
attributable in part at least to its salutary ef- 
fect on the blood-forming tissues. The mar- 
row and nearly every organ, as well as specific 
cell type, including lymphocytes and plasma 
cells, have been at various times considered 
the site of antibody formation(13). Although 
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homogenates of marrow or spleen either fur- 
nish cells which repopulate the hematopoietic 
tissue damaged by the radiation or supply a 
humoral substance which hastens the recov- 
ery of hematopoiesis(14), they produce no 
marked effect on the mechanism of hemolysin 
synthesis when given just after irradiation. 
Independent studies(15) of the cellular com- 
position of the spleen and marrow of mice 
after exposure to 450 r have not shown un- 
usual proportions of mature plasma cells 
either at 21 days when the spleens are en- 
larged or at 35 days when the antibody re- 
sponse has begun to recover. 

More or less normal immune responses have 
recently been obtained in irradiated rabbits 
given antigen that had been incubated with 
lymph node cells(6) or minced spleen(7). In 
the experiments described in this paper (Fig. 
2) antigen given as early as 2 days after the 
homogenate and within 4 days of irradiation 
did not result in a hemolysin response. 

Summary and conclusions. 1. Recovery of 
the production of hemolysin in irradiated mice 
receiving bone marrow or spleen cell homo- 
genate occurred at the same rate as in litter- 
mate control mice exposed to 450 r of X-rays. 
2. Recovery of antibody production in re- 
sponse to injected sheep erythrocytes is grad- 
ual and begins in the 4th week after exposure 
of mice to 450 r. Recovery of the hemolysin 
response is not complete even at 7 weeks after 
this dose of radiation since many of the mice 
had peak serum hemolysin titers that were 
below the limits of non-irradiated controls. 
3. The time required for the development of 


il 


peak titer following-a single immunizing in- 
jection was not lengthened by exposure to 
450 r whole-body irradiation. 
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Anticonvulsant Properties of Procaine, Cocaine, Adiphenine and Related 
Structures.* (21979) 


KryvosH1 TANAKA.+ 


(Introduced by Louis S. Goodman.) 


From Department of Pharmacology, University of Utah College of Medicine, Salt Lake City. 


In low concentrations, local anesthetics 
block conduction without depolarizing nerves, 
by stabilizing neuronal membranes(1,2); but 
large doses given systemically can induce con- 
vulsions. It was therefore of interest that 
Yasukata(3) reported that procaine exhibits 
anticonvulsant effects in rabbits. Among the 
numerous classes of chemicals capable of pre- 
venting experimentally-induced and/or clin- 
ical seizures, there are several antihistaminic 
agents(4-6), ethers of phenylacetic and 
phenylbutylic acids(7,8), and other closely 
related substances. For these reasons, it 
seemed worthwhile to attempt to disclose some 
effective structural denominator of anticonvul- 
sant activity among compounds in which dial- 
kylaminoalkyl is linked via O, H or C to an 
aryl or aralkyl radical. To initiate this study, 
procaine and adiphenine (Trasentine) were 
tested for anticonvulsant properties in mice 
and compared with certain of their chemical 
and pharmacological congeners, particularly 
cocaine. The results obtained provide the 
basis for this report. 

Methods. Male albino mice (CF #1 strain) 
obtained from the Carworth Farm were used 
as experimental animals. They were main- 
tained on Purina Laboratory Chow and al- 
lowed free access to food and water except 
during the short time they were removed from 
their cages for testing. Anticonvulsant po- 
tency (ED;,) was determined by the maximal 
electroshock seizure (MES) test (50 mA al- 
ternating current, 0.2-second stimulus dura- 
tion, corneal electrodes), and neurotoxicity 
(TDs) was determined on the basis of overt 
signs of minimal neurological deficit. The de- 


* This investigation was supported by a research 
grant(B-381) from the National Institute of Neuro- 
logical Diseases and Blindness, National Institutes of 
Health, Public Health Service. 

t Rockefeller Foundation Fellow in Medical 
Sciences. Permanent address: Department of Pharm- 
acology, Tottori University School of Medicine, Yon- 
ago, Japan. 


tails of the MES test and the endpoints em- 
ployed for determination of acute neurotox- 
icity in mice have been described in full else- 
where(9). In order to determine the peak 
time for anticonvulsant action, the estimated 
EDg,; for each drug was administered intra- 
peritoneally to several groups of 6 mice each. 
Each group was then subjected to the MES 
test after a different time interval and the 
number of animals protected (7.e., failing to 
exhibit the tonic-extensor component) was re- 
corded for each group. The results obtained 
were plotted on graph paper and the time of 
peak effect estimated from the plotted points. 
For the determination of the EDs 9 (or TDso). 
groups of 10 mice were given various doses of 
the experimental drug and tested at the pre- 
viously determined time of peak effect until at 
least 3 points were established between com- 
plete protection (or toxicity) and no protec- 
tion (or toxicity). The results were then 
plotted on logarithmic probability paper and 
a regression line was visually fitted to the 
plotted points. From this plot of the data, the 
EDs or TDs 9 was determined and 95% con- 
fidence limits were calculated by the method 
of Litchfield and Wilcoxon(10). The drugs 
subjected to the MES and neurotoxicity tests 
were as follows: procaine hydrochloride, co- 
caine hydrochloride, adiphenine (Trasen- 
tine).+ -(o-benzylphenoxy ) -a-diethylamino- 
ethane (No. BL 338-22)%, 2-diethylamino- 
ethyl-1-phenylcyclopentane-1-carboxylate hy- 
drochloride (caramiphen, Parpanit), diethyl- 
aminoethanol, and diethyl-(2-hydroxyethy]) - 
methylammonium bromide-a-phenylcyclohex- 
aneglycolate (Ba 5473, oxyphenonium, An- 
trenyl).+ The drugs were administered intra- 
peritoneally as aqueous solutions. All animals 
were observed for the effect of the drugs on 


+ Supplied by Dr. Ernst Oppenheimer, Ciba Phar- 
maceutical Products. 
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TABLE I. Neurotoxicity and Anti-electroshock 
Potency of Procaine, Cocaine, and Traseutine.* 


Max electroshock seizure 


testt 
Neuro- r - ; 
toxicity Effective Protective 
(CMDe5)) dose (ED;p), index 
Drug mg/kg mg/kg (Cea) 
Proeaine 105 45 ax 2.3 a 
(98-113) (42-49) (2.1-2.5) 
Cocaine a2 Wee) 1.8 
(29-36) (15-23) (1.6-2.0) 
Trasentine 123 62 2.0 
(116-131) (58-67) (1.8-2.2) 


* All values in parentheses indicate 95% confi- 
«lence limits. 

+50 mA, 0.2-see. 
cleetrodes. 


alternating current, corneal 


postictal phenomena, the details of which have 
been described elsewhere(11,12). In addi- 
tion, the ED;o, as determined by the MES 
test, and the TD; », as determined by the neu- 
rotoxicity test, for procaine hydrochloride, 
cocaine hydrochloride, and Trasentine were 
administered to groups of 5 mice each and 
tested for ability to prevent the tonic-extensor 
component of maximal seizures induced by the 
rapid intravenous injection of 38 mg/kg of 
pentylenetetrazol (Metrazol) (MMS test). 
The details of the MMS test have been pub- 
lished in full elsewhere(13). 

Results. Procaine, cocaine, and Trasentine 
proved to possess anticonvulsant action, but 
their antiseizure activity appeared and disap- 
peared very quickly. The time of peak ac- 
tion was estimated to be 5 minutes; by 20 
minutes little if any residual effect could be 
observed. Therefore, all tests were performed 
5 minutes after drug administration. 

The neurotoxicity and anti-electroshock po- 
tency for procaine, cocaine, and Trasentine 
are summarized in Table I from which it may 
be seen that cocaine is 3 to 4 times more toxic 
than procaine or Trasentine. Indeed, 32 mg 
kg of cocaine produced signs of minimal neu- 
rotoxicity in 50% of mice as compared to 105 
mg/kg for procaine and 123 mg/kg for 
Trasentine. The initial signs of cocaine neu- 
rotoxicity were agitation ad increased excita- 
bility; larger doses caused ataxia and postural 
abnormalities. The initial signs of procaine 
and Trasentine neurotoxicity were postural 
abnormalities and abnormal gait, especially 
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dragging of the hindtimbs; moderately intoxi- 
cated animals were unable to maintain equi- 
librium. Doses of procaine in excess of 120 
mg/kg produced excitation. 

All 3 agents were capable of preventing the 
hindleg tonic-extensor component of maximal 
electroshock seizures (MES). Cocaine was ap- 
proximately 2'4 times more potent than pro- 
caine in this regard, and 3% times more po- 
tent than Trasentine. For example, 17.5 mg, 
kg of cocaine abolished the hindleg tonic-ex- 
tensor component in 50% of mice, whereas 62 
mg/kg of Trasentine were required to produce 
the same level of protection. Larger doses 
than those required to protect 50% of animals 
by the MES test not only abolished the tonic- 
flexor phase as well as the tonic-extensor 
phase, but also produced the “anticoma ef- 
fect” in the postictal period (prevention of im- 
mediate postseizure depression). Approxi- 
mately 50% of animals receiving 75, 27.5, 
and 80 mg/kg of procaine, cocaine, and Tras- 
entine, respectively, manifested this anticoma 
effect. 

The protective index, 7.e., the ratio between 
TDs 9 and ED;9, was remarkably similar for 
all 3 agents. For example, the P. I. for co- 
caine was 1.8, whereas that for procaine was 
2.3 and that for Trasentine was intermediate 
to these two values. Thus, all three agents 
exhibited anticonvulsant activity in non-toxic 
doses. 

The anti-Metrazol activity exerted by the 
TD; and the EDs» of each of the three agents 
was measured by the MMS test. The results 
obtained are summarized in Table II from 
which it may be seen that all 3 agents have 
the ability to decrease the incidence of the 


TABLE II. Anti-Metrazol Effect of Procaine, Co- 
caine, and Trasentine. 


Prevention 
of tonie- 
Dose extensor 
Drug mg/kg component Mortality 

Proeaine 45 * 3/5 4/5 
HOSS. 44 5/5 5/5 
Cocaine Ih capes 3/5 2/5 
32a as 3/5 
Trasentine 622% 2/5 4/5 
123) ot 4/5 2/5 


* EDs) as determined by 
w AMIDES) 


MES test. 
neurotoxicity test. 
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tonic-extensor component of maximal Metra- 
zol seizures; however, the required doses fre- 
quently synergized with the convulsant drug 
to cause death. The clonic component of 
Metrazol-induced maximal seizures was not 
abolished even by toxic doses of the 3 agents. 

Beta - (o-benzylphenoxy )-a-diethylamino- 
ethane (No. BL 338-22) and Parpanit, the 
chemical structures of which comply with the 
prerequisites mentioned in the introduction, 
were also tested for neurotoxicity and for abil- 
ity to modify the pattern of maximal electro- 
shock seizures. Their time of peak anticon- 
vulsant action was estimated to be 10 min- 
utes; by 30 minutes little if any residual ef- 
fect could be observed. Both compounds 
were anticonvulsant, but their protective in- 
dices were near unity. Thus, the EDs;os for 
No. BL 338-22 and Parpanit were 52 and 80 
mg/kg, respectively; their P.I.s were 1.0 and 
1.5, respectively. In contrast, diethylamino- 
ethanol and Antrenyl, the chemical structures 
of which only partially comply with the previ- 
ously described structural prerequisites, were 
ineffective by the MES test even in toxic 
doses. 

Discussion. The present investigation dem- 
onstrates that anticonvulsant activity is em- 
bodied not only in procaine, as was first re- 
ported by Yasukata(3) in rabbits, but also in 
cocaine and Trasentine. Since procaine and 
cocaine in large toxic doses are convulsant, it 
is of particular interest that in non-toxic doses 
these drugs act as anticonvulsants. 

The anticonvulsant action of procaine, co- 
caine and Trasentine is rapid in onset and 
brief in duration. Peak action was observed 
5 minutes after drug administration; by 
twenty minutes all anticonvulsant effect had 
disappeared. This very rapid onset of anti- 
convulsant activity and the evanescent dura- 
tion of action probably account for previous 
failures to demonstrate antiseizure activity in 
local anesthetics. 

The 5 compounds which have within their 
chemical structure a dialkylaminoalkyl linked 
via O, N or C to an aryl or aralky] radical 
were all found to possess anticonvulsant ac- 
tivity as measured by the MES test; in con- 
trast, the diethylaminoethanol moiety alone 
and Antrenyl, a quaternary ammonium com- 


pound, were devoid of such activity. (The 
ability of prior administration of diethylamino- 
ethanol, the hydrolytic product of procaine, to 
prevent procaine convulsions in experimental 
animals(14) is probably accounted for by 
competitive inhibition on the basis of similar- 
ity of chemical structure.) Although the 
above findings suggest that compounds within 
this chemical series share a common anticon- 
vulsant nucleus, further studies will be neces- 
sary precisely to determine what specific 
structural elements are essential for anti- 
seizure activity. 

Procaine, cocaine, and Trasentine all ex- 
hibit anticonvulsant effects in the laboratory 
which are qualitatively similar to those pro- 
duced by the therapeutically useful antiepilep- 
tic drugs. However, the potential clinical 
value of compounds of this class must be con- 
sidered minimal because of the very short 
duration of action and relatively low protec- 
tive indices. Nevertheless, the data presented 
suggest that a search for congeners with less 
fugitive action is warranted. It is of interest 
in this connection that Bernhard and Bohm 
(15) have demonstrated that intravenous in- 
jection of the local anesthetic lidocaine (Xylo- 
caine), an aminoacyl amide, can modify elec- 
trically induced cortical discharges in cats and 
interrupt epileptic seizures in patients. Pre- 
liminary experiments in our laboratory indi- 
cate that this compound, in non-toxic doses. 
is highly effective in abolishing the tonic- 
extensor component of maximal electroshock 
seizures. Indeed, others(16) have observed 
that intravenous procaine paradoxically in- 
creases the threshold for electrically evoked 
cortical responses in rabbits, but causes repe- 
tition and increased voltage of such responses 
as well as widespread irradiation. Since it is 
likely that the small neurones in the brain are 
the earliest to be blocked after systemic ad- 
ministration of local anesthetics, the possi- 
bility exists that the seizures induced by this 
class of drugs may be due to selective depres- 
sion of inhibitory systems(16). 

Summary. Five compounds—procaine hy- 
drochloride, cocaine hydrochloride, adiphenine 
(Trasentine), 8-(o-benzylphenoxy )-a-diethyl- 
amino-ethane, and Parpanit—the chemical 
structures of which have a dialkylaminoalkyl 
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linked via O. N or C to an aryl or aralkyl 
radical, were tested in mice for neurotoxicity 
and for ability to modify maximal electro- 
shock seizures. In addition, procaine, co- 
caine, and Trasentine were tested for ability 
to modify maximal Metrazol seizures and to 
prevent postictal depression (anticoma effect). 
For comparison, two compounds (diethylami- 
noethanol and Antrenyl), the chemical struc- 
tures of which only partially comply with the 
above structural prerequisites, were tested 
only for neurotoxicity and for ability to 
modify maximal electroshock seizures. The 
results obtained may be summarized as fol- 
lows: 1. Procaine, cocaine, and Trasentine 
prevent the tonic-extensor component of maxi- 
mal electroshock seizures in non-toxic doses 
and exert an anticoma effect in doses near the 
toxic level. All 3 agents prevent the tonic- 
extensor component of maximal Metrazol 
seizures, but only in doses which frequently 
synergize with the convulsant to cause death. 
2. All compounds tested, the chemical struc- 
ture of which contains a dialkylaminoalky] 
linked via O, N or C to an aryl or aralkyl 
radical, were found to exhibit anticonvulsant 
activity. In contrast, diethylaminoethanol 
and Antreny] were devoid of anticonvulsant 
activity. 3. The data indicate that com- 
pounds within this series share a common 
anticonvulsant nucleus, but further studies 
will be necessary precisely to characterize its 
structural requirements. 4. The laboratory 
search for congeners with less transient anti- 


195 


convulsant action amd higher protective index 
is warranted. 
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Reserpine and Thyroid Function. 


(21980) 


JosePpH R. GoopMAN, WARNER H. FLORSHEIM AND CLINTON E. TEMPEREAU. 


From the Veterans Administration Hospital, Long Beach, Calif. 


The introduction of reserpine with its mild 
sedative effects into common clinical use 
raises the question of the influence of this 
agent on thyroid function. Reserpine is gen- 
erally assumed to act upon certain medullary 
centers(1), but the experiments of McQueen 
et al.(2) and of Kuschke and Gruner(3) ap- 
pear to indicate a direct peripheral action as 
well. Very little work has been reported in 
the literature which would indicate whether 
reserpine exerts any influence either directly 
on the thyroid gland, or, through the hypo- 
thalamic-pituitary-thyroid axis, upon thyroid 
function. Certain observations, particularly 
the reserpine-induced bradycardia(4) and the 
effect of reserpine upon weight gain in “‘con- 
stitutional leanness’(5) could indicate an 
anti-thyroid activity of the drug. Moreover, 
Kuschke and Gruner(3) have reported that in 
the rat the effect of parenterally administered 
thyroxine upon the BMR is prevented by the 
administration of reserpine in large doses. 
However, the two published reports on the ef- 
fect of Rauwolfia preparations on thyroid func- 
tion as measured by the basal metabolic rate 
agree in finding no consistent effect. Erban and 
collaborators(6) found no effects in rats with 
a number of commercial preparations, and 
Moyer and associates(7) found no consistent 
changes in a small series of patients. Moyer 
also studied his patients by means of a radio- 
iodine uptake test and obtained no consistent 
changes due to 6 weeks’ medication with sev- 
eral crude Rauwolfia preparations. Since 
many patients entering thyroid clinics give a 
history of treatment with Rauwolfia prepara- 
tions, it was considered important to establish 
whether this drug exerted any appreciable in- 
fluence upon any of the commonly used cri- 
teria of thyroid function. A study was there- 


* The Radioiodine used in this investigation was 
supplied by the Oak Ridge National Laboratory on 
allocation from the U. S. Atomic Energy Commission. 

The authors wish to express their gratitude to 
Miss M. Whitney, R.N., for invaluable help in this 
study. 


fore undertaken in 18 chronically ill patients 
receiving reserpine at a level commonly used 
for the reduction of blood pressure. 


To reconcile our results with those of 
Kuschke and Gruner the effect of reserpine in 
very high doses on thyroid function was also 
studied in a small number of rats. 


Methods. Eighteen male patients were in- 
cluded. Blood pressure was determined daily 
throughout the study period. Base line values 
were obtained for the following criteria of thy- 
roid function: (a) Serum total cholesterol, de- 
termined by the method of Kanter, Goodman 
and Yarborough(8); (b) 24-hour thyroidal 
radioiodine uptake; (c) 24-hour urinary 
radioiodine excretion; (d) serum _ protein- 
bound stable iodine, determined by Barker’s 
(9) method; and (e) the 24-hour thyroxine 
synthesis measured according to Morton(10). 
In addition, the effect of a standard dose of 
adrenaline upon the level of circulating eosino- 
philes was determined by Thorn’s(11) meth- 
od. After completion of the base-line studies 
all patients received reserpine (Serpasil-Ciba) 
at a level of 0.125 mg t.i.d. for 2 days. The 
dose was then raised to 0.25 mg t.i.d. for an- 
other 24 days. In 2 patients the dose had to 
be reduced to 0.125 mg t.i.d. again after 1 and 
11 days at the higher level, respectively, be- 
cause of side effects. On the last 2 days of 
drug administration the battery of thyroid 
function and Thorn tests were repeated. 


In the animal experiment 6 male Sprague- 
Dawley rats were injected intravenously with 
0.40 mg/kg of serpasil in solution 2 hours be- 
fore tracer iodine administration, and then re- 
ceived 0.60 mg/kg by subcutaneous injection 
every 3 hours. Four control rats received 
similar volumes of the vehicle furnished by 
Ciba Pharmaceuticals at the same time. 
Twenty-four hour thyroidal radioiodine up- 
take was determined and serum hormonal io- 
dine synthesis were measured in all animals 
by the methods of Morton(10) and of Ingbar 
(12) 
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TABLE I. Post-Serpasil Thyroid Parameters as % of Pre-Treatment—Level with Standard 
Deviations. 
oa_=_=—»eg=$=—@—@00—0—$O$8080—e—=*0O0———OODOoOoODeeeEEEEx eo 
24-hr J Urinary 
Group No Cholesterol uptake PBI excretion* Tx/Tot 
Whole 18 101 + 22 TOUS DD Gnligge te.  TTnaam | © con eae 
Same 8 102 + 28 110 += 73 113 + 24 118 + 50 99 + 46 
++ 7 99 + 16 90 + 34 110+ 8 99 — 23 77 + 34 
ae 3 101 + 16 67 + 6 115 +13 120 += 73 135 + 19 


+++ — Decrease of 20% or more in the mean systoli¢e blood pressure. -+-+ — Moderate 


decrease in blood pressure. 
*24 hr urinary excretion of radioiodine. 


+ = Doubtful effect on blood pressure. 


+ % of 24 hr serum I" activity present as hormonal iodine. 


Results. A. Effects on Thyroid Function. 
Table I summarizes the results obtained with 
our group of patients, most of whom were 
markedly hypertensive prior to therapy. All 
patients participating in this study were 
judged to be euthyroid initially from the PBI 
and radioiodine uptake values. However, the 
thyroxine synthesis values were below 2% in 


> 


23 of the patients, which represents the lower 
limit of the euthyroid range. On recalculat- 
ing the data by Ingbar’s method, 10 patients 
had serum radio-thyroxine levels below .008% 
of the administered dose per liter of plasma, 
and only one patient showed a value above 
.012% per liter. In previous studies we have 
found low thyroxine synthesis values in the 
presence of normal PBI and uptake values in 
patients with cardiac disease of long duration 
(13), and we believe this to be a consequence 
of chronic stress. In Table I the experimental 
group has also been subdivided according to 
the effect upon the blood pressure produced 
by reserpine. Since the blood pressure was 
quite labile in most of the subjects, the pa- 
tients were grouped into three categories ac- 
cording to the mean drop in blood pressure 
produced, with +-+-+ indicating a good re- 
sponse (>20% drop of the mean systolic 
pressure); +--+ a fair one and + a doubtful 
or insignificant change due to the drug. The 
variability of the results may be related to the 
hypertensive state of most of these patients. 
since equally varied and random changes were 
found in two hypertensive subjects who were 
merely observed during the experimental pe- 
riod without medication, and since similar var- 
iability of the I'*! uptake and BMR have 
been reported by Moyer(7). 

From the results it is clear that reserpine at 


_hypothalamic-pituitary-adrenal 


the levels employed does not affect thyroid 
function significantly. 

B. Effects on the Thorn test. The Thorn 
test with adrenaline is not universally ac- 
cepted as a test of the functional state of the 
axis. How- 
ever in healthy individuals a drop of more 
than 30% of the circulating eosinophiles is 
produced 4 hours after an injection of 0.2 mg 
of adrenaline subcutaneously. In only 3 pa- 
tients out of 14 was a drop of less than 30% 
observed in the number of circulating eosino- 
philes before reserpine therapy. After admin- 
istration of reserpine for 25 days, 11 out of 17 
patients showed no significant eosinopenic re- 
sponse. While the Thorn test with adrenaline 
certainly is not a specific test for pituitary- 
adrenal function, the reversal of the test under 
the influence of reserpine is of interest. At 
least part of the eosinopenic effect of adren- 
aline is generally assumed to be mediated via 
effects on cerebral centers higher than the 
pituitary. Since reserpine depresses afferent 
impulses to certain subcortical centers(14) 
and lowers central sympathetic reactivity (15) 
the results obtained in this study agree with 
the generally accepted mode of action of reser- 
pine. However, the mechanism by which 
adrenaline exerts its eosinopenic effect is so 
poorly understood that it is not permissible to 
speculate on this basis alone. 

C. Effects of reserpine at high dose levels. 
Since Kuschke and Gruner had observed what 
appeared to be an antagonism between reser- 
pine and thyroxine in the rat, it became of in- 
terest to investigate whether any anti-thyroid 
activity of reserpine might occur in this spe- 
cies. Emploving the drug at low levels of .10 
mg/kg/day, the results were similar to those 
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TABLE II. Thyroid Activity of Rats on High 


Doses of Serpasil. 


24 hr Ate, 
Group No. uptake (%) Meso MO) % AD/\* 
Control 4 84421 57.2410.0 .088+.018 
Serpasil 6 23.3441 1084+ 5.2 18 +.07 


* Serum thyroxine-I*" as % of administered I’* 
dose/] of serum. 


obtained in man, with neither the 24-hour up- 
take nor the thyroxine synthesis significantly 
affected. It was then decided to use reserpine 
at a dose level which had been shown to raise 
significantly the arousal in the brain stem of 
the rat(16). Under the conditions specified 
the data in Table II were obtained. It is sig- 
nificant that the reserpine-treated animals 
showed the symptoms of hypotensive shock: 
nasal congestion, somnolence and ptosis, as 
well as diarrhea. There was an obvious in- 
terference with renal excretion of iodide: 
Serum inorganic radioiodide levels were 20 
times those in the controls 24 hours after 
tracer administration. This explains both the 
higher thyroidal uptake and the higher thy- 
roxine synthesis value as calculated by Ing- 
bar’s method. It is possible that poor ab- 
sorption of peripherally administered thyrox- 
ine due to the reserpine-induced hypotension 
also explains Kuschke and Gruner’s results. 
Summary. Reserpine at the dose levels 
employed clinically for the treatment of hy- 
pertension does not affect thyroid function in 
man. The effects of large doses in the rat ap- 
pear to be due to hypotensive effects and in- 
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terference with the renal excretion of iodide. 
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Electrolyte and Water Composition of Muscle and Liver in Hereditary 


Obese-Hyperglycemic Syndrome of Mice.* 


(21981) 


Wi11am I. Morse, GUILLERMO HERRERA ACENA, AND JEAN Mayer. 
(Introduced by A. Baird Hastings.) 


From the Departments of Biological Chemistry, Harvard Medical School, and Nutrition, Harvard 
School of Public Health, Boston, Mass. 


The hereditary obese-hyperglycemic syn- 
drome of mice(1) has, among other charac- 
teristics, an insulin resistant hyperglycemia 
and glycosuria(2). In a small proportion of 
obese animals, the hyperglycemia is not pres- 
ent but can be immediately elicited by injec- 
tion of a single dose of growth hormone to 
which obese animals are extremely sensitive 
(3). Non-obese animals show the usual re- 
sistance of rodents to the diabetogenic effect 
of growth hormone. The syndrome is trans- 
mitted as a Mendelian recessive trait which 
affects both sexes in a similar manner. A 
number of relationships have been recognized 
between potassium deficiency and carbohy- 
drate metabolism. The abnormalities of glu- 
cose production and utilization observed in 
insulin deficient rat liver slices incubated at a 
potassium concentration optimal for glyco- 
genesis were similar to those observed in nor- 
mal slices incubated in a low potassium me- 
dium(4,5,6).+ Although no abnormality of 
potassium concentration was demonstrated in 
the liver cells of intact insulin-deficient rats 
(8), hyperglycemia and depletion of liver gly- 
cogen have been reported in rats maintained 
on a potassium deficient diet(9). Fatty acid 
metabolism of rat liver slices was increased by 
a high potassium concentration in the incu- 
bation medium(10). 

These observations suggested that tissue 
analyses for water, fat potassium, sodium and 
chloride of mice with the hereditary obese- 
hyperglycemic syndrome and the estimation 


* This work was supported in part by a grant 
from the United States Public Health Service. 

+R. Samuel McLaughlin Traveling Fellow in 
Medicine. 

t The im vivo intracellular potassium concentration 
can be maintained when liver slices are incubated 
only by increasing the potassium concentration of 
the medium to a level far higher than that of 
extracellular fluid(7). 


of intracellular concentrations of potassium 
and sodium might be of interest. 

Materials and methods. Six male and 3 
female mice with the hereditary obese-hyper- 
glycemic syndrome were used. Three male 
and 3 female litter-mates served as controls. 
After a 24-hr fast (water ad lib.) the animals 
were anesthetized by intraperitoneal injection 
of one per cent aqueous sodium amytal. A 
dose of 0.2 mg per gram gave satisfactory an- 
esthesia in 15 minutes. One obese animal re- 
quired 0.3 mg per g. Blood sugar levels (11, 
12) were determined on 0.02 ml of blood ob- 
tained from the tail. Blood for measurement 
of hemoglobin concentration was obtained in 
a similar manner. Serum for chloride(13) 
and sodium(14) determinations was sepa- 
rated from blood which was aspirated from 
the right side of the heart and placed under 
oil. Samples of muscle from the thigh and 
calf were dissected as free from adipose tissue 
as possible. Liver samples were obtained 
using care to avoid the gall bladder. Both tis- 
sue samples were minced, dried, defatted and 
extracted with 0.75 N nitric acid(15). Du- 
plicate samples were used to measure the 
blood content of the tissues(15). The chloride 
content of the extracts was determined by a 
modification of the colorimetric micro-method 
of Lowry and co-workers(13). The sodium 
and potassium contents were determined by 
flame photometry(14). 

Results. In Tables I and II the data from 
obese and control animals have been com- 
pared, all values in the latter table being cal- 
culated on a blood-free-fat-free basis. The 
obese animals were significantly hypergly- 
cemic when sampled in the fed state several 
days before being sacrificed. The serum 
chloride concentration was lower in the obese 
animals, but this would only partially account 
for the difference in liver chloride concentra- 
tion observed. The dry fat-free weight of 
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TABLE I. Mean Body Weight, Blood and Serum Values. 


SS — ee ——————————eee_ EE 


Blood \ c Serum ——, 
Fasting Normal 
No. Age Body sugar sugar Na Cl 
used (days) wt (g) (mg %) (mg % ) QnEq/1) (mEq/1) 
Obese 9 133 62 + 7 151+ 33 218+ 38 145.6+1.9 101.0+1.8 
Control 6 137 28 + 2 94+17 106+13 146.3 == 8 106.0'== 29 
p value EAI Spl <.05 Sal ANS 


muscle was higher per unit of wet fat-free 
tissue in the obese animals. The potassium 
content of muscle was significantly lower per 
unit of dry fat-free tissue in the obese mice. 

In Table III a correction has been applied 
to the data for the increment of water injected 
with the sodium amytal used for anesthesia. 
Derived values have been calculated for the 
amount of extracellular water in muscle, as- 
suming that all chloride was extracellular(15). 
This permitted calculation of the concentra- 
tion of potassium and sodium in intracellular 
water. No significant differences in these de- 
rived data between the obese and control mice 
were observed. The column headed “‘(H2O); 
less adipose tissue’”’ will be discussed later. 

Derived values have been calculated for the 
amount of extracellular water in liver, assum- 
ing that all the sodium was extracellular(16). 
This permitted calculation of the concentra- 
tion of potassium and chloride in intracellular 
water. Here, as in muscle, no significant dif- 
ferences between the two groups were ob- 
served. 

Discussion. Correction of the data for the 
increment of water injected with sodium amy- 
tal was necessary before comparing obese with 


control mice (Table III) because this incre- 
ment was proportionally greater in the obese 
animals. With one exception the water in- 
jected was proportional to body weight, but 
the obese group contained less water per unit 
of body weight than their controls. To apply 
such a correction the following relationship 
obtained on mice with the same abnormality 
by Mayer and Hagman was used(17): 

Grams of Total Body Water = 12 + 
(Grams of Body Weight x 0.11). Data were 
also reported by these authors showing that 
15 minutes after intraperitoneal injection of 
deuterium oxide, the volume of dilution for 
the isotope labeled water had reached 88% 
of its equilibrium volume. These findings per- 
mitted calculation of the approximate water 
content of cells and extracellular fluid prior 
to the injection of aqueous sodium amytal so- 
lution. Specifically, the original serum water 
and tissue water values were multiplied by the 
following factor: 

Total Body Water 


Total Body Water + (Injected Water x 0.88) 


Application of this factor to the data increased 
the difference between the two groups with re- 


TABLE IT. Mean Values for Muscle and Liver; Original Data. The values are reported per 
kilo of wet fat-free, blood-free tissue or of dry fat-free, blood-free tissue. 


Per kg wet fat-free tissue 


Per kg dry 


Dry fat-free 


fat-free tissue 


Wt of fat 
wt (kg) (kg) Cl (mEq) Na (mEq) K (mEq) K (mEq) 

Musele: : ae ie gala eiae Ges eee 

Obese 2444 .002 202 + .041 WAAR ath. OO ele We eh OO Senetentie 445 +6 

Control 235.002 075 011 oF 07 23.7 S229 1113 =E 49 474 +6 

p value <A <.05 Ail | ae <a: 
liver: 

Obese 267 + .002 145+ .021 26.84 9 350+1.3 SA sie aeaallet! 318 +6 

Control 209+ 006 103.019 3164-20 391296 852d Se ONS 329 226 

p value al Sit <.05 Sail Sul all 


Digits following the + sign are stand. error of the mean. 


a 


Nag (mEq) Cle (mEq) 


——— Per kg intracellular water ———, 
Ke (mq) 


612 + .008 
Sil 


(HO) o (kg) 
622 + .006 


(HO) » less adi- 
pose tissue (kg) 


tissue or of intracellular water. 


138 + .006 
Sa 


Per kg wet fat-free tissue 
(H20)» (kg) 
133 + .008 


(kg) 
0771+ .011 
>.01 


Wt of fat 
212 + .043 


i) 


<.01 


wt (kg) 


6 + .00 


OF 


oO 
241 + .002 


Dry fat-free 


— 


Obese 
Control 
p value 


Muscle : 
Liver: 


TABLE III. Mean Values for Muscle and Liver Corrected for Water Injected with Anesthetic. Values are reported per kilo of wet fat-free, blood-free 
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oD OD 


al 
BU 


1 <O 


493 + .008 
479 + .012 
Sell 


S71 


6 + .018 
Digits following the + sign are stand. error of the mean. 


5 


228 + .007 
DY: 


Ov 


oa 


2+ .0 


52 
105 + .019 
Soll 


Li 


if 


Kall 


9) 
.265 + .00 


279 + 001 


Obese 
Control 
p value 


ly intracellular chloride. 


a 


vi 


HO), extracellular water; (H.O).> intracellular water; Ke intracellular potassium; Nac intracellular sodium; ¢ 
) 3 i 5 c } 


Symbols: 


spect to the dry fat-free weight of both tissue 
(muscle “p value” <0.01, liver “p value” 
<0.1). The serum chloride difference re- 
corded in Table I was halved when the cor- 
rection was applied. 

It was apparent on dissection and confirmed 
by data in Tables II and ITI that considerably 
more adipose tissue was mingled with striated 
muscle fibres in the obese than in the control 
muscle samples. Data have been collected by 
Lowry and Hastings showing that adipose tis- 
sue from rat omentum contained 83% fat and 
10% extracellular water(18). Assuming simi- 
lar findings for adipose tissue of the obese and 
control mice, values were derived for (HO), 
of muscle fibres after deducting the fraction 
associated with adipose tissue in the muscle 
samples (Table III). This approximation of 
the ‘“‘true” (H2:O)» for muscle fibres gave a 
significantly lower value in the obese mice. 
The potassium concentration per unit of dry 
fat-free muscle was 6% lower in the obese 
group (Table II). However, (H2O)«¢ per unit 
of dry fat-free muscle was 7% lower in the fat 
animals after correction for injected water. 
“(H2O)» less Adipose Tissue” was 22% lower 
when expressed per unit of dry fat-free mus- 
cle. This dehydration occurred even though 
water was available throughout the fasting 
period. 

Studies in man have shown that the hyper- 
glycemia and glycosuria following hypertonic 
glucose infusion is associated with sodium 
diuresis and a lesser degree of potassium diur- 
esis(19). One may presume that the same 
type of electrolyte losses occurred in the obese 
mice and that while in the fasting state, dehy- 
dration was necessary to preserve the osmolar- 
ity of body fluids. 

Summary. 1. Samples of striated muscle 
and liver from fasted mice with the hereditary 
obese-hyperglycemic syndrome were analyzed 
for water, fat, potassium, sodium, and chlor- 
ide. 2. Some degree of intracellular dehydra- 
tion and a greater degree of extracellular de- 
hydration was observed without change in 
concentration of intracellular potassium. 
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Local Effects on the Feather Papilla of Thyroxine and of Progesterone.* 
(21982) 


Mary JUHN AND PAut C. Harris. 
From the Department of Poultry Husbandry, University of Maryland, College Park. 


Shedding and renewal of plumage occurs in 
birds in well-defined association with sexual 
and seasonal events. Normally, the standing 
lifeless feather is gradually expelled from the 
mouth of the follicle as a new feather arises 
following an activation which is initiated in 
the resting papilla, an organ that uninter- 
ruptedly occupies the internal well of the fol- 
licle and which is the actual site of the exter- 
nally manifest cyclical events. Seasonal in- 
ertia of the papilla is a familiar phenomenon 
in laboratories utilizing experimentally the re- 
generating plumage. Forcible removal of the 
standing feather causes a tearing of the apical 
tissue of the papilla with haemorrhage into 
the lumen of the follicle(1). The wound stim- 
ulus is sufficient to assure immediate activa- 
tion of the papilla in the capon whereas in the 
cock and hen, regeneration usually fails out- 
side of the environs of molt. We may speak 
at such times of a “‘quiescent papilla.” The 
papilla has long been shown to respond by 


* Scientific Paper No. A515 Contribution No. 2649 
of the Marvland Agric. Exper. Station (Department 
of Poultry Husbandry). 


growth to oral or parenteral administration of 
thyroid substance(2; and many others). The 
dosage requisite for this reaction was less as 
the season of normal molt approached(3), 
showing the gradual course of natural changes 
which culminate in that event. Recently it 
has been established that progesterone, when 
given as a single intramuscular injection of a 
preparation having slow absorption from local 
depots (Reposito Progesterone), also will 
cause a general activation of the feather papil- 
lae in adult fowl(4). There was no hint in 
these experiments that progesterone action 
was here in any sense via a stimulation of the 
bird’s thyroid; this was checked in the feather 
structure where excess thyroid has long been 
known to produce specific, readily recognized 
consequences(5; and many others). The — 
similar end effects seem accordingly indepen- 
dently due to either progesterone or to thy- 
roxine although some common intermediate 
participation is not ruled out. 


This possibility suggested following the 
consequences of separate local applications of 
either of the two substances to the papilla: 


Loca ACTIVATION OF FEATHER PAPILLA 


these observations are recorded here. 


Methods. Adult hens bearing feather papil- 
lae in the various physiological states were 
used. The test substance was applied to an 
area of one side of the bird’s body and as con- 
trol the respective solvent was applied to an 
identically prepared site in the opposite loca- 
tion. Progesterone was administered as a 
single intradermal injection of 0.20 ml of a 
solution of 50 mg/ml in sesame oil or as a 
daily local application during 4 weeks of pro- 
gesterone in ointment, 50 mg/g.t Thyroxine 
was prepared as a solution of 5 mg (Thyroxin 
crystals Squibb) in 1 ml distilled water plus 
1 drop of a 4% sodium hydroxide solution. 
It was administered as a single intradermal in- 
jection of 0.2 ml or as a daily repeated local 
application in ointment during 4 weeks. One- 
half ml of the thyroxine solution was rubbed 
up in a small amount of a commercial van- 
ishing-type cream, the procedure repeated as 
required. Progesterone in oil was also in- 
jected directly into the superior umbilicus of 
the large secondaries in the expectation that 
the cavity of the quill of the standing feather 
would provide a source of gradual supply to 
the underlying papilla. This proved nega- 
tive. Previous experiments had shown thy- 
roxine in the same situation to enter into the 
general circulation and this route to be un- 
suited to the purpose. 


Results. Five birds were treated with pro- 
gesterone in ointment and 5 with thyroxine in 
ointment; in 3 of each series, the application 
was made to simultaneously defeathered 
areas; in the other 2, application was to the 
skin spaces separating adjacent standing 
feather rows. No activation was elicited in 
the papilla in either circumstance. Thyroxine 
in some amounts, however, apparently pene- 
trated the epidermal tissues as there were sub- 
sequently noted characteristic changes of pig- 
mentation in regenerating feathers of distant 
location. Thyroxine was given by intradermal 
injection on 28 occasions, progesterone on 27 
occasions. The birds used were prepared so 
as to afford the 3 classes of papillae to either 


t Progesterone was supplied generously by the 
Research Department of Ciba Pharmaceutical 
Products, Summit, N. J. 
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TABLE I. Local Action on Feather Papilla of 
Thyroxine and of Progesterone. 


Feather germs 
regenerated 


(No.) 
No. Treated Control 

Treatment Papillastate trials side side 
Thyroxine Defeathered 15 119 59 
(GEG Resting 10 33 0 
Quiescent 3 10 0 
Progesterone Defeathered 15 96 58 
(.d.) Resting 8 i) 0 
Quiescent 4 J 10 


* Intradermal. 


test substance. Birds were defeathered in 
small areas to assure the additional stimulus 
of plucking; the immediately following injec- 
tions were made between adjacent denuded 
follicles. In affecting the resting papilla, the 
site injected was between 2 rows of standing 
feathers. The birds considered to have quies- 
cent papillae had been plucked about 2 
months earlier and had not exhibited regener- 
ation up to the date of this treatment. The 
data from these series are summarized in 
Table I. The compilations refer to the total 
number of feather germs which were regen- 
erated in the immediate vicinity of the point 
of injection. Examination of Table I shows 
thyroxine in intradermal injection to effect 
local proliferation of all types of the papilla. 
Experimental activation in resting and quies- 
cent states, where it is opposed to zero regen- 
eration in the control side, could not be 
clearer. However, the augmentation of the 
stimulus brought to growth in preliminary de- 
feathering is equally evident. The properties 
of progesterone in these respects are less dis- 
tinct. As administered, progesterone was 
negative in the resting papilla and the records 
of the quiescent papilla must be discounted 
in view of the regeneration occurring in the 
control area. In defeathering, a greater num- 
ber of regenerations occurred in progesterone 
treatment which may suggest an increasing 
importance as the seasonal inertia of the 
papilla lessens. It is evident that the papilla 
has an annual or biannual physiological cycle 
which may proceed at very different levels 
(cf. capon and sexes of fowl), and which is 
triggered to an external event, presumably 
some hormonal impulse or withdrawal. If 
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further studies should definitely prove proges- 
terone to be locally negative in the feather 
papilla, this would show its systemic action to 
be upon some intermediate link. Since the 
bird’s own thyroid is apparently unaffected 
by progesterone in circumstances where the 
substance is adequate for growth induction in 
the papilla, that gland is probably not the 
participant despite the very evident experi- 
mental effectiveness. In these aspects, the 
newly discovered role of progesterone casts 
some doubt on ihe concept that surges of thy- 
roidal activity initiate the normal events of 
molt and suggests a revised approach to an 
important problem. 

Summary. The respective local actions 


upon the feather papilla of thyroxine and of 
progesterone were examined. Application was 


Fate of Ascorbic Acid in Early Radiation Damage.* 


made by intradermal injection to the immedi- 
ate vicinity of the resting, quiescent and 
plucking-stimulated papillae. Thyroxine 
was effective in causing proliferation in all 3 
circumstances; progesterone proved negative 
with this technic in the resting and quiescent 
states; it may have exerted a slight augmenta- 
tion in the third. 
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There is a paucity of information regarding 
the role of ascorbic acid in radiation damage. 
In light of the reported involvement of as- 
corbic acid in the conversion of folic acid to 
citrovorum factor(1) and, thereby, in nucleic 
acid synthesis, its sensitivity in vivo to irradi- 
ation is of interest. Thus far, the study of 
ascorbic acid has been concerned chiefly with 
its changes in the adrenal gland(2). We have 
investigated a variety of rat tissues from the 
standpoint of the concentration and total or- 
gan content of ascorbic acid as well as organ 
weight after whole-body X-irradiation. These 
organs included cervical lymph nodes, thy- 
mus, liver, spleen, kidney, intestinal mucosa. 
testis, brown adipose tissue, muscle, adrenals, 
and brain. The results indicate a highly selec- 
tive action of irradiation on tissue ascorbic 
acid. 

Methods. Male Sprague-Dawley rats. 
weighing 125-200 g, receiving a stock Purina 


*Work performed under the auspices of the 
U.S. Atomic Energy Commission. 


Chow diet ad lib., were irradiated at a rate 
of 23 r/min with a 250-kvp X-ray machine at 
15 ma with a 0.5 mm Cu plus a 1.0 mm Al fil- 
ter and the HVL equal to 2.0 mm of Cu. The 
target distance was 34 inches from the table 
supporting the animals. At 4, 28, and 72 
hours after irradiation, groups of 4 to 6 ani- 
mals were sacrificed. The organs were dis- 
sected out, blotted, and weighed on a torsion 
balance. A 9-inch strip of small intestine was 
slit, washed, and scraped to provide a sample 
of intestinal mucosa. The tissues were homo- 
genized in 10% trichloroacetic acid; all of 
the ascorbic acid was converted to the oxi- 
dized (dehydro) form and determined as the 
osazone by the method of Roe and Kuether 
(3). No differentiation of oxidized and re- 
duced ascorbic acid was carried out. Typical 
control values and their variation are shown 
in Table I. The values for concentration, to- 
tal ascorbic acid and organ weight for the ex- 
perimental groups are reported as a percent of 
the control values. 


——————————ee 
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TABLE I, Ascorbie Acid Concentration and Organ Weights of Normal and Chloretone-Treated 
Rats.* 
ooo 


Normal 


~ Chloretone-treated t —{ 


Ascorbie acid, Organ wt, Ascorbic acid, Organ wt, 
Organ meg % me/g mg % mg/g 
Adrenals 311.6 + 28.8 21+ .01 391.4 + 16.9 .20 + .00 
Thymus 66.84 3.2 4.02 57 6444 2.3 2.92 + 2 
Spleen 49.7 + 2.9 4.444 16 515+ 2.2 3.56 + .39 
Cervical lymph nodes 46.5 + 2.0 814 .06 60.54 3.0 93 +117 
Brain 417 a) 88 918+ .32 38.656. .-9 8.13 + .04 
Intestinal mucosa, 9 in. 33.04 2.7 2.03 + .04 38.0+ 3.1 1.84 + .12 
Left testis 299+ 9 5.70 + .16 28.54 1.3 5.72 + .63 
Liver 272+ 9 54.5 + 4.0 36.7 + 1.3 613 +.2 
Left kidney 160+ ° 4 487+ 17 19.34 1.4 5.34 + .24 
Panereas 65+ 5 3.62 + .46 67+ 5 2.50 + .04 
Skeletal muscle Ores a = 46 3 = 
Brown adipose tissue 45+ A 1.68+ .12 474+ 5 ie ae il 


* Avg of 3 animals and its stand. dey. 


1 1 mg of chloretone/ml drinking water for 6 days. 


Results. Aiter exposure to 600 r there were 
no gross changes in concentration or organ 
content of ascorbic acid or in organ weight 
in liver, brain, pancreas, testis (Fig. 1), mus- 
cle, kidney and brown adipose tissue. The 
adrenal glands showed an immediate drop in 
concentration at 4 hours, as has been noted by 
other workers(2): however at 28 hours the 
level had returned to normal and remained 
unchanged thereafter. The remaining 4 tis- 
sues: thymus, lymph nodes, spleen, and intes- 
tinal mucosa, underwent the rapid changes 
shown in Fig. 2. The total ascorbic acid 
content of lymph nodes, thymus, and spleen 
decreased to 30, 25, and 10%, respectively, 
of the original values. The concentration of 
ascorbic acid in these organs dropped abruptly 
within 4 hours to 65-70% and changed slowly 
thereafter. After 300 r, the changes in these 
organs were similar to those observed at the 
higher dose level while after 100 r the losses 
of ascorbic acid were small from the thymus 
and spleen and negligible from the lymph 
nodes. 

The changes observed in the intestinal mu- 
cosa 4 hours after X-irradiation were unique. 
Despite a loss of tissue weight, the total ascor- 
bic acid content of this tissue had increased 
because of the concentration which had risen 
to 170% of the control value. This response 
likewise diminished slightly with lower doses 
of irradiation, but, even at 100 r, the concen- 
tration of ascorbic acid was 135% of the con- 
trol value 4 hours after irradiation. 


We investigated the water content of these 
four tissues after irradiation to determine, in 
the thymus, lymph nodes, and spleen, if there 
is an edema present which masks a loss of 
cells containing high concentrations of ascor- 
bic acid, or in the mucosa, if there has been a 
dehydration of the tissue which caused an ap- 
parent increase in concentration. From Table 
II (which shows percent water content of or- 
gans of rats after exposure to 600 r), it can 
be seen that changes in water content of tis- 
sues could not account for the observed 
changes in ascorbic acid concentrations. In 
the lymph nodes there was even some dehy- 
dration. 

The effect of stimulating synthesis of ascor- 
bic acid on subsequent response to irradiation 
was next investigated. Administration of 
chloretone at a level of 20 mg/day for 7 days 
has been shown to result in urinary excretion 
of as much as 20-30 mg of ascorbic acid per 
day, in contrast to normal excretion of 0.5-2.0 
mg/day(4). It does not necessarily follow, 
however, that concentration of ascorbic acid 
in tissues is correspondingly increased, since 
a low kidney threshold has been shown to ex- 
ist in other species(5). That this appears to be 
the case may be seen by comparing the values 
for ascorbic acid concentration of tissues of 
rats given chloretone (1 mg/ml of drinking 
water) with those of untreated animals (Table 
I). Tissues of rats treated with chloretone 
exhibited, for example, the following increases 
in ascorbic acid concentration: liver, 35%; 
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PERCENT CONTROL VALUE 


4 28 72 4 28 


TIME- HOURS POST IRRADIATION — 600¢ 
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72 


O Orgon Weight 


PERCENT CONTROL VALUE 


4 28 72 4 28 72 
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PERCENT CONTROL VALUE 
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O Organ Weight 
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PERCENT CONTROL VALUE 


° 16 40 ° 16 40 
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FIG. 1. Ascorbic acid changes in normal rat liver, brain, pancreas, and testis after 600 r. 

FIG. 2. Changes in ascorbic acid in normal rat lymph nodes, spleen, and intestinal mucosa 
after 600 r. 

FIG. 3. Ascorbic acid changes in chloretone-treated rat lymph nodes, spleen, and intestinal 
mucosa after 600 r. ; 

FIG. 4. Changes in ascorbic acid in rat lymph nodes, spleen, intestinal mucosa, and liver 


after aminopterin treatment. 


lymph nodes, 30%; intestinal mucosa, 15%; 
and spleen, 4%. These animals served as 
chloretone-treated, non-irradiated controls for 
the following irradiated animals. The remain- 
ing 24 rats were irradiated with 600 r and 
chloretone administration continued after ir- 
radiation. Their tissues displayed changes in 
concentration of ascorbic acid, total content 
and organ weight (Fig. 3) similar to those 
seen in previous experiments. The effect of 
chloretone was apparent in higher final levels 
of ascorbic acid in tissues of treated animals, 


TABLE IT. Organ Water Content. 


Hr post- % organ wt 
irradiation Lymph Spleen Mucosa 
0) 81.8 78.1 81.7 
4 76.9 76.0 80.7 
28 79.5 77.3 82.0 
72 77.8 75.5 82.8 


and in a slight reduction of the rise in mu- 
cosal concentration. Administration of chlore- 
tone did not, however, abolish the decrease in 
concentration in lymphoid organs or stimu- 
late recovery within 72 hours. 


Alternatively, the effect of blocking the con- 
version of folic acid to citrovorum factor on 
the levels of ascorbic acid was studied. When 
aminopterin was administered intraperiton- 
eally in doses of 10 mg/kg of body weight to 
a group of rats, the concentration and total 
content of ascorbic acid in lymph nodes. 
spleen, mucosa, and liver underwent the 
changes shown in Fig. 4. Aminopterin caused 
an involution of lymph nodes and spleen, but 
the loss of total ascorbic acid paralleled the 
loss in tissue weight, leaving the concentration 
unchanged. There was a small’ but signifi- 
cant rise in mucosal concentration after 16 
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hours, and no changes were observed in the 
liver. 

Discussion. After irradiation with 600 r 
the majority of organs analysed presented no 
striking changes in ascorbic acid within 72 
hours. However, organs of a lymphoid na- 
ture quickly dropped in both concentration 
and total content of ascorbic acid, while the 
mucosa increased in concentration during the 
same interval. Certain possibilities appear 
evident as explanations of the phenomena. 
For example, it is tempting to explain the rise 
in mucosal concentration and decreases in 
lymphoid tissue by means of a migration of 
lymphocytes to the intestinal epithelium. The 
rise in mucosal concentration after aminop- 
terin treatment lends credence to this possi- 
bility, since such a migration has been ob- 
served after both aminopterin treatment and 
X-irradiation(6,7) and a histological exam- 
ination of the small intestine confirms the 
presence of increased number of lympho- 
cytes.t 

The influx of lymphocytes cannot be wholly 
responsible for the findings because the in- 
crease in lymphocytes appeared to be insuf- 
ficient to account for the total rise and the 
accumulation of such cells was not, appar- 
ently, matched by a corresponding loss of ma- 
terial from the lymphoid organs themselves. 


The stability of ascorbic acid concentration 
in these organs after treatment with aminop- 
terin would suggest that blocking conversion 
of folic acid to citrovorum factor does not in 
itself affect concentration of ascorbic acid. 
These data are, themselves, at variance with 
those of Williams(8) and Schwartz and Wil- 
liams(9) who found a decrease in liver ascor- 
bic acid concentration 13 days after feeding 
of aminopterin at a level of 4 mg/kilo of diet. 
This discrepancy may be due either to route 
of administration or to high dosage (LD100— 
72 hours) employed in the present study 
which was, in our consideration, necessary to 
duplicate the acute aspect of irradiation. 
Even at this level, however, the concentration 


+ We wish to thank Dr. F. Wassermann for prep- 
aration of the material and Dr. A. M. Brues and 
Mrs. Agnes Stroud for assistance in interpretation of 
the specimens. 
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of ascorbic acid in—tissues did not decrease 
within 40 hours. 


Furthermore, the effect of stimulating the 
synthesis of ascorbic acid on changes in con- 
centration or organ content of ascorbic acid 
after irradiation is negligible, suggesting that 
an impairment of the synthetic process does 
not seem to be responsible. Nor does the 
stimulation of ascorbic acid synthesis by 
chloretone seem to be abolished by irradia- 
tron. 


This then focuses attention on the relation- 
ship of ascorbic acid to the particular tissue 
in which its concentration is so readily 
changed by X-ray. The observed rapid rise 
of ascorbic acid and the well known inhibi- 
tion of mitosis in the intestinal mucosa after 
irradiation suggest that the accumulation of 
ascorbic acid is a result of arrested mitosis 
and that ascorbic acid is requisite to and/or 
consumed by mitotic activity. A similar sug- 
gestion has been made by Stern and Timonen 
(10) working with lily anthers. Failure to ob- 
serve similar changes in the other tissues may 
be due to their relatively much lower mitotic 
activity. Coupled with this, the loss of 
ascorbic acid from lymphoid tissues may be 
explained by the known radiation-induced 
fragility of several cell types in relatively high 
concentration in these organs. 


Summary. 1. There were no gross changes 
in concentration or total content of ascorbic 
acid within 72 hours after 600 r of X-ray in 
rat liver, brain, pancreas, testis, muscle, kid- 
ney, or brown adipose tissue. Thymus, lymph 
nodes, and spleen showed a drop in ascorbic 
acid concentration within four hours, and the 
content of ascorbic acid continued to drop 
throughout the period studied. Intestinal mu- 
cosa showed a sharp increase in ascorbic acid 
concentration during the first 4 hours followed 
by a gradual decline. 2. Stimulation of ascor- 
bic acid synthesis by chloretone administra- 
tion does not modify the effects of irradiation, 
nor does the hydration of these tissues change 
in a fashion which might account for the ob- 
served phenomena. 3. The observed changes 
in concentration could not be duplicated by 
the administration of aminopterin at a level 
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of 10 mg/kg body weight. 
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From the Department of Surgery, University of Minnesota Medical School, Minneapolis. 


The role of reflux of bile into the pancreatic 
duct system in the etiology of acute hemor- 
rhagic pancreatic necrosis has been a subject 
of intensive investigation for many years. It 
is well known that when sterile bile is injected 
into the pancreatic duct of experimental ani- 
mals, under certain conditions, a fulminating 
hemorrhagic pancreatic necrosis results quite 
regularly. However, there is a great deal of 
evidence that under other more physiologic 
conditions the presence of bile in the pan- 
creatic duct is harmless to the pancreas. Mann 
and Giordano(1) found that, if the pressure 
exerted during retrograde injection of bile 
into the pancreatic duct were maintained 
within physiologic limits, no pancreatitis de- 
veloped. It was shown in this laboratory (2) 
in cats that when the common bile duct was 
occluded distal to the entrance of the pan- 
creatic duct so that bile could flow into the 
pancreatic duct under secretory pressure of 
the liver or pressure of the contracting gall 
bladder, pancreatitis developed in only a 
small proportion of animals, unless the cats 
were fed fatty meals supplemented with bile 


* Supported by the following funds: U.S.P.HS. 
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salts. Leven(3) and Colp and Doubilet (4) 
showed that reflux of iodized oil into the pan- 
creatic duct could be demonstrated in cholan- 
giograms in about 20% of patients with com- 
mon bile duct drainage. This reflux was at- 
tributed in most cases to spasm of the sphinc- 
ter of Oddi. Hicken and McAllister(5) using 
a water soluble contrast agent and very low 
injection pressures found that even in patients 
with no intraductal pathology, reflux of con- 
trast material into the pancreatic duct could 
be demonstrated on routine cholangiograms in 
a high percentage of cases. Fisher et al.(6) 
drained the bile through the pancreatic duct 
by connecting a catheter in the common bile 
duct with a catheter in the pancreatic duct. 
In their 4 experiments the longest follow-up 
was 7 days. None of these animals developed 
any pancreatitis. 

The experiments reported here, from August 
1950 to July 1951, were designed to show the 
effect upon the pancreas of draining all of the 
bile secreted by the dog’s liver through the 
pancreatic duct system over long periods of 
time. 


Methods. The entire biliary flow in a series 
of dogs was caused to pass through the pan- 
creatic duct into the duodenum by one of 3 
operations. Type I: the duct of Santorini 
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Fig. 1 


PIG. 1, 2 and 3 show Type I, II and IIL operations, respectively. Bile drains through panereatic 
duet system as indicated by arrows. 


(the larger duct in the dog) was anastomosed 
to the gall bladder and the common bile duct 
was tied off. Under these circumstances, bile 
flows from the duct of Santorini into the duct 
of Wirsung through anastomoses between the 
two duct systems which are regularly present 
in the dog and thence into the intestine 
through the duct of Wirsung. Type II: the 
body of the pancreas was transected and the 
cut end of the pancreatic duct in this part of 
the pancreas was anastomosed to the gall 
bladder and the common bile duct was ligated. 
In this preparation bile flows from the gall 
bladder into the pancreatic duct through the 
anastomosis and reaches the intestine by way 
of the normal pancreatic duct orifices. Type 
III: the duct of Santorini was divided just 
proximal to its orifice in the duodenum, and 
this duct was anastomosed to the gall bladder. 
The distal end of the duodenal portion of the 
pancreas was transected and the cut end of 
the duct was located and anastomosed into 
the duodenum using a small polyethylene tube 
as a splint. The common bile duct was either 
ligated or anastomosed to the gall bladder. 
Bile flows into pancreas through the major 
duct and out into the intestine through the 
point where the duct is implanted into the 
duodenum. Serum amylase and serum bili- 
rubin determinations were made on all dogs at 
weekly intervals. 

Results. Of the 47 dogs used in these ex- 
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periments, 18 had patent functional anasto- 
moses between the gall bladder and the pan- 
creatic duct system and between the pan- 
creatic duct and intestine at the time that 
they died or were sacrificed, and these are the 
animals included in this study. Eleven of 
the remaining animals are not included be- 
cause at the time of death it was found that 
the anastomosis between gall bladder and 
pancreatic duct or between pancreatic 
duct and intestine was not patent, and 
18 were not included either because they 
did not survive for a significant period after 
their operation or because there was insuf- 
ficient data on them. 

Of the 18 dogs with intact anastomoses, 
only 3 had clinically significant degrees of 
pancreatitis, and only one of these had a typi- 
cal full-blown pancreatic necrosis. The case 
of severe pancreatic necrosis occurred 22 days 
postoperatively in a dog in which a normal 
serum bilirubin and only a moderately ele- 
vated serum amylase had been noted only 4 
days earlier. The other 2 dogs had only local 
areas of necrosis in the pancreas. 

Fifteen of the 18 dogs with intact anasto- 
moses did not develop significant degrees of 
pancreatitis. Eight were not jaundiced at the 
time of death, indicating that the bile was 
passing relatively unimpeded through the pan- 
creatic duct system into the intestine. Four 
of these 8 dogs lived from 58 to 138 days, and 
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the average survival time for the group was 
60 days. Gross inspection at autopsy showed 
the pancreas to be firm and atrophic; the gall 
bladder and bile ducts were dilated and 
the liver was firm and rough. Muicro- 
scopic examination of the pancreas usually 
showed only mild degrees of interstitial pan- 
creatitis and fibrosis. 

The remaining 7 dogs with intact anasto- 
moses had a significant degree of clinical 
jaundice at the time of death even though a 
patent channel was demonstrated from the 
gall bladder through the pancreatic duct sys- 
tem into the duodenum at autopsy. This cir- 
cumstance suggests that although some bile 
was probably passing through the pancreatic 
duct system, the flow was not free enough to 
maintain the serum bilirubin at normal levels. 

Summary and conclusions. 1. The entire 
flow of bile was successfully diverted through 
the pancreatic duct system into the intestine 
in a total of 11 dogs. Eight of these dogs did 
not develop any significant degree of pancrea- 
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titis even though the average observation 
period for this group was more than 60 days, 
and only one dog in the series developed a 
full-blown acute pancreatic necrosis. 2. The 
results of these experiments indicate that the 
presence of bile in the pancreatic duct system 
under physiologic pressures is tolerated for 
long periods of time without any serious dam- 
age to > the pancreas in most cases. 
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The observation that during experimental 
and clinical myocardial infarction glutamic 
oxaloacetic transaminase is released from car- 
diac muscle resulting in increased enzyme ac- 
tivity in the serum(1-5), suggested that other 
cardiac tissue enzymes behave similarly dur- 
ing myocardial infarction. Although present 
in other tissues in greater activity, lactic de- 
hydrogenase, the enzyme concerned primarily 
with the reduction of pyruvic acid to lactic 
acid, is present in appreciable activity in car- 
diac musculature. In order to ascertain 
whether lactic dehydrogenase (hereafter re- 
ferred to as LD) activity is increased in the 
serum during myocardial infarction, it was 
necessary to first demonstrate its Presence 


* Supported by oie Roa ays New Vou Heat 
Assn. and the U.S.P.H.S. (H-1978). 


in human and animal blood, and to delineate 
variations in LD activity in the blood of nor- 
mal and diseased man. 


Methods and materials. Lactic dehy- 
drogenase is concerned with the reduction, in 
the presence of reduced diphosphonucleotide 
(DPNH), of alpha-keto and of alpha, gamma- 
diketo acids; maximum reduction by LD has 
been shown to occur with pyruvic acid. Inas- 
much as LD catalyzes the reduction of various 
alpha-keto and alpha, gamma-diketo acids, 
the reduction of a substrate in the presence of 
LD cannot be used to specifically identify an 
alpha-keto or an alpha, gamma-diketo acid. 
However, the catalytic reduction of a known 
amount of a specific keto acid may be used to 
quantitatively estimate LD activity(6). The 
LD activity of human serum was measured 
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spectrophotometrically. To 2.4 ml of pH 7.4 
phosphate buffer, 0.1 m of serum and 0.1 m 
of reduced diphosphonucleotide (DPNH) (2.5 
mg per ml) were added. After 20 minutes, 0.1 
ml of sodium pyruvate (2.5 mg per ml) was 
added. The optical density at wavelength 
340 my was followed for 3 to 5 minutes at 
intervals of 10, 15, or 30 seconds depending 
on the rate of reaction. The rate of decrease 
of optical density representing the rate of 
oxidation of DPNH was taken as the measure 
of LD activity of serum. The reaction was 
followed in a Beckman model DU spectro- 
photometer using a tungsten light source and 
at room temperature, 24 to 27°C. The activ- 
ity is expressed as units per ml of serum per 
minute. One unit equals a decrease in optical 
density of 0.001 per minute per ml under the 
conditions described. 

When DPNH and pH 7.4 phosphate buffer 
were added to serum without the addition of 
pyruvate, the optical density of the mixture 
decreased slowly for up to 20 minutes indi- 
cating the oxidation of a finite quantity of 
DPNH. This initial oxidation of DPNH by 
serum without added pyruvate appears to 
depend on the presence of alpha-keto and 
alpha, gamma-diketo acid in the serum (in 
the presence of serum LD). The reaction 
stopped when the keto and diketo acids were 
enzymatically reduced to lactate by DPNH. 
The addition of more DPNH will not restart 
the reaction, but the addition of pyruvate re- 
sulted in a steady decrease of optical density 
which was taken as a measure of LD activity 
of the serum. The optimal concentration of 
DPNH was found to be 0.1 ml (2.5 mg 
DPNH per ml in water made basic to pH 9.0 
with sodium hydroxide) in a total reaction 
mixture of 3.0 ml (3.8 x 10° M). At pH 7.2 
to 7.6, serum LD was optimally active and 
this is in substantial agreement with that re- 
ported for LD from other tissue sources(6-8). 
The LD activity of serum was maximal when 
0.1 ml of pyruvate (2.5 mg per ml of distilled 
water) was used in a total reaction mixture of 
6.0, mi(0.23 x. t0?M).*The rate of LD ac- 
tivity was directly proportional to the quan- 
tity of serum used. No activators of LD were 
used although it has been reported(9) that 
amino-DPNH potentiates LD activity. Com- 
petitive inhibitions of LD by alpha, gamma- 
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TABLE 1. Distribution of Lactie Dehydrogenase 
Activity i Venous Serum of Normal Adults. 


LD activity No. of 

(units) individuals % 
250-290 7 4.3 
300-340 18 11.2 
350-390 25 15.5 
400-440 ae 20.0 
450-490 22 132% 
500-540 16 10.0 
550-590 17 10.6 
600-640 7 4.3 
650-690 ii 4.3 
700-740 2 ie 
750-790 4 2.5 
800-840 3 19 
850-890 ] 0.7 

Total 161 100.2 

Mean [LD activity, 470 units + 130 units. 


diketo valerie acid has been reported(6) but 
the enzyme is insensitive to sulphydryl rea- 
gents(10). Serum samples stored from 30 
minutes to 96 hours at room temperature or 
for periods of from | hour to 1 week in the 
refrigerator (0° to 5°C) showed no significant 
alteration in serum LD activity; the heat sta- 
bility noted is in essential agreements with 
reports of LD derived from other sources(7, 
Le 

Results. 1. Lactic dehydrogenase activity 
in blood of human adults. The venous serum 
LD activity in 161 normal human adults 
varied from 260 to 850 units with a mean 
activity of 470 per m + 130 units (Table I). 
The LD activity found in whole venous blood 
hemolysates from normal human _ adults 
ranged from 16,000 to 67,000 units with a 
mean value of 34,000 + 12,000 units per ml. 
The whole blood hemolysates were noted to 
be on the average approximately 100 times 


TABLE II. Lactic Dehydrogenase Activity of 


Heparinized Plasma, Serum, and Whole Blood 
Hemolysate of the Same Venous Blood Samples. 
Whole blood 

Hematocrit hemolysate Plasma Serum 

(mm) (units/ml) (units/ml) (units/ml) 
< 1000 

42 22 370 380 

45 26 370 380 

45 40 800 750 

50 33 300 400 

50 24 500 420 

50 31 330 290 

51 16 370 390 

52 30 480 430 

Bye) 27 830 340 

54 30 500 360 


TABLE III. Estimated Lactie Dehydrogenase Ac- 
tivity of Tissues of the Dog. 


oe Units/g wet tissue 
(x 1000) 
Kidney 640 
Skeletal muscle 600 
Liver 390) 
Heart 240 
Pancreas 150 
Spleen 140 
Brain 130 
Lung 25 


more active than the serum of the correspond- 
ing venous blood samples, but no consistent 
relationship was noted between serum and 
corresponding whole blood hemolysate LD 
activities, and none between whole blood 
hemolysate activity and hematocrit (Table 
II). The LD activity of plasma obtained 
from heparinized venous blood samples was 
not significantly different from the activity of 
serum from a corresponding venous blood 
sample, oxalated plasma was considerably less 
active suggesting oxalate inhibition and/or 
interference. In no instance was LD activity 
absent in the sera of normal human adults 
tested or in any of the sera of hospitalized pa- 
tients with various disease states. The fasting 
did not appear to significantly influence the 
LD activity, and no consistent alteration in 
LD activity was observed during glucose tol- 
erance studies in normal or in diabetic indi- 
viduals. Day to day serum LD activities in 
the same individual varied 30% (within the 
normal range). Duplicate determinations on 
the same serum samples varied by 109% or 
less. LD activity was not connected with sex. 

A sampling was made of patients hospital- 
ized at Memorial Center with various diseases 
and serum LD activity determined in each 
instance. Activities within the normal range 
were obtained on sera from a limited selection 
of patients with infectious, degenerative, neo- 
plastic and other disease states. High activ- 
ities were observed in patients with myocar- 
dial infarction, diabetic acidosis, acute stem 
cell leukemia, chronic myelogenous leukemia 
and hepatitis. 

2. Lactic dehydrogenase activity in the tis- 
sues and blood of experimental animal. LD 
activity was demonstrable in all the serum 
samples obtained from several experimental 
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animals. LD activity in the venous sera of 
the experimental animals studied varied from 
380 units per ml in the rabbit to 3100 units 
per ml in the rat with progressively diminish- 
ing values in between these 2 extremes in the 
dog, hamster, mouse and guinea pig. Using 
aliquot samples of macerated homogenized 
dog tissues obtained immediately after the 
death of the animal, the LD activity of var- 
ious tissues was estimated and are summarized 
in Table III. 

Following the intravenous administration of 
0.13 ml of lactic dehydrogenase? diluted with 
saline to 5.0 ml (equivalent to approximately 
240,000 units of LD activity or about one 
gram of dog heart muscle homogenate) to a 
12.5 kilo dog, the serum was sampled at per- 
iodic intervals and examined for LD activity 
as indicated in Fig. 1. 

Fig. 2 describes the serum LD alterations 
following experimental myocardial infarction, 
produced by the closed chest technic(5). (The 
detailed observations of serum and cardiac 
tissue LD activity elevations seen in experi- 
mental graded myocardial infarction and in 
clinical myocardial infarction will be the sub- 
ject of a subsequent report.) As seen in the 
case of glutamic oxaloacetic transaminase, 
serum LD rises during the course of myocar- 
dial infarction. Similar alterations in serum 
LD activity have been observed in clinical 
myocardial infarction (Fig. 3). 

Discussion. Lactic dehydrogenase activity 
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t Obtained from Nutritional Biochemical Corp, 
Cleveland, O. 
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during the course of closed chest experimental 

myoeardial infarction in the dog. Comparison with 

serial changes in serum glutamic oxaloacetice trans- 
aminase is shown, 


is present in all human sera and in all whole 
blood hemolysates examined. The previously 
reported serum glutamic oxaloacetic transam- 
inase activity alterations in the course of 
myocardial infarction appear to be mimicked 
by similar changes in LD activity. That the 
latter changes are parallel but not related to 
serum glutamic oxaloacetic transaminase ac- 
tivity alterations is indicated by a comparison 
of serum glutamic oxaloacetic transaminase 
and LD activity observed during the course 
of clinical hepatitis. The LD and serum glu- 
tamic-oxaloacetic transaminase activity alter- 
ations following myocardial infarction are 
comparable in direction and degree but prob- 
ably independent of one another. The fact 
that elevation of both LD and serum glutamic 
oxaloacetic transaminase follow heart muscle 
injury suggests that these enzymes are lib- 
erated from the damaged muscle cells into the 
blood stream. If such is the case for these 
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DAYS FOLLOWING MYOCARDIAL INFARCTION 
Serum lactie dehydrogenase alterations 
during the course of clinical anterior myocardial 
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infarction. Comparison with serial changes in 
serum glutamie oxaloacetic transaminase 1s shown. 


UNS 


two enzymes, there-fS every reason to expect 
that other cardiac tissue enzymes, when 
present in sufficient concentrations in the 
heart muscle, would also be released following 
damage to the heart muscle cells with a con- 
sequent change in the serum enzyme activity. 
This generalization is presently under investi- 
gation. 

Summary and conclusions. 1. Lactic dehy- 
drogenase activity is present in the venous 
serum of normal human adults. Normal ac- 
tivity ranges from 260 to 850 units per ml 
with a mean value of 470 + 130 units per ml. 
2. Venous whole blood hemolysates of normal 
adults have a lactic dehydrogenase activity 
varying between 16,000 to 67,000 units per 
ml with a mean value of 34,000 + 12,000 
units per ml. 3. Alterations in serum lactic 
dehydrogenase have been studied in a selected 
group of disease states. 4. Experimental and 
clinical myocardial infarction are associated 
with a rise in serum lactic dehydrogenase ac- 
tivity. 5. Lactic dehydrogenase like serum 
glutamic oxaloacetic transaminase rises in a 
characteristic fashion following myocardial in- 
farction. 


The authors wish to acknowledge the technical 
assistance of Martin Podgainy. Dr. P. Ruegsegger 
participated in the study of experimental myocardial 
infarction in dogs. 
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A number of substances modify the toxic 
action of influenza and related viruses in the 
intact animal. Sublethal doses of homologous 
or heterologous virus injected 24 hours prior 
to the challenge toxic inoculum prevent fever 
and lymphopenia in rabbits(1), convulsions 
in mice(2), and hemorrhagic encephalitis in 
chick embryos(3). Pretreatment of animals 
with Cholera vibrio filtrates also inhibits the 
pyrogenic(4) and neurotoxic(2) action of in- 
fluenza viruses. Xerosin, a microbial product 
derived from Achromobacter xerosis, has the 
most profound inhibitory effect on the toxic 
pneumonitis(5) and encephalitis(6) caused 
by influenza and Newcastle disease viruses. 


Henle, Girardi, and Henle(7) recently dem- 
onstrated that 4 strains of influenza virus pro- 
duce a non-transmissible cytopathogenic effect 
in tissue cultures of a human epidermoid car- 
cinoma (strain HeLa, Gey). Replication of 
infectious virus particles could not be demon- 
strated in this system but an increase in 
cellular non-infectious hemagglutinins oc- 
curred similar to the formation of “‘incom- 
plete” virus in mouse brain that accompanies 
the neurotoxic action of influenza virus(8). 
This in vitro response of HeLa cells afforded 
a convenient method for determining whether 
biological inhibitors of influenza virus toxicity 
acted by interfering directly with host cell- 
virus interaction. 


Materials. HeLa cell culture tubes were ob- 
tained from Microbiological Associates Inc. 
and incubated for an additional 24 hours at 
35°-36°C before replacing the growth medium. 
The cells were then washed 3 times with 1 ml 
volumes of Hanks’ balanced salt solution and 
the medium replaced with 0.8 ml of Scherer’s 


* This study was supported by a research grant 
from the National Institutes of Health, Public 
Health Service. 

+ Present address: Department of Medicine, Johns 
Hopkins Hospital, Baltimore 5, Maryland. 


maintenance solution and 0.2 ml of horse 
serum, After an additional 3 days of incuba- 
tion a final change of medium was made to 
10% horse serum-maintenance solution prior 
to inoculation of the cultures. Intact sheets 
of healthy cells usually persisted in control 
tubes for at least 3-4 days longer, the dura- 
tion of the experiment. Virus preparations 
with high toxic activity were prepared by 
allantoic inoculation of 10-11-day-old chick 
embryos with a 10° dilution of seed material. 
After incubation for 48-72 hours at 35.5°C 
the allantoic fluids were harvested, pooled, 
tested for hemagglutinin (HA) content and 
stored at —20°C. It was not necessary to 
concentrate these preparations but since their 
cytotoxic action diminished on storage, fresh 
material was prepared frequently. To obtain 
virus preparations of lower toxicity, eggs were 
inoculated with undiluted seed(9) and incu- 
bated for 72 hours. Most experiments were 
carried out with an egg-passage line of the 
Lee strain of influenza B virus. Certain com- 
parisons were made with the mouse-pathogenic 
WS strain and the mouse-unadapted A/Eng- 
land/1/51 strain of influenza A virus. Cholera 
filtrate was prepared from the 4Z strain of 
V. cholerae and used both as the crude filtrate 
and concentrated, purified material with re- 
ceptor-destroying enzyme (RDE) activity 
(10) of 5,000 units/ml. Xerosin was kindly 
supplied by Dr. Vincent Groupé. It was 
TABLE I. Cytotoxie Effect on HeLa Cell Cultures 


of Lee Virus Added to the Medium 24 Hr after 
Cholera Filtrate or Xerosin. 


Controls 
(NAF) Lee virus 
Distilled water — 4,4,4,4,4 
RDE, 10 units OIE OS ONO 4,4,4,4,4 
sie SLO Oem 0, 0, 0,0, 0 4,4,4,4,4 
Xerosin, 100 ng 0, 0, 0, 0, 0 2,4, 4,4, 4 
PhO OR 42, 0, 1, 0 4,4,4,4,3 


* 0, no cytopathogenie effect in 48 hr. 4, all cells 
destroyed. + to 3, intermediate stages of cellular 
destruction, 
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TABLE Il. Influence of Subtoxic Virus, Cholera 
Filtrate and Xerosin Added to HeLa Cell Cultures 
1 Hr before a 60% Cytotoxic Dose of Lee Virus. 


Controls 

(NAF) Lee virus 
Distilled water 0,0, 0,0 "t y z Ue 
Subtoxie Lee virus 0,0, 0,0 3, 2,4, 4,4 
RDE, 100 units 0, 0, 0, 0, 0 Peeves 1s IL il 
Xerosin, 1000 pe 0,0, 0,0 3, 3, 3, 4,3 


Read on scale of 0-4+ cytopathogenicity 72 hr 
after challenge. 


dissolved in distilled water to the desired con- 
centration and sterilized by autoclaving. 

Results. Inoculation of HeLa cell cultures 
with 0.1 ml of undiluted “‘toxic’’ Lee allantoic 
fluid produced characteristic cytopathogenic 
effects. In 24 hours the cells were usually 
maintained as an intact sheet but islands of 
rounded cells with granular cytoplasm could 
be seen. By 48 hours after virus inoculation 
a considerable amount of destruction and 
clumping of cells was noted and by 72 hours 
most of the cells had dropped off the glass and 
could be seen floating in the medium. A 10- 
fold dilution of the Lee virus inoculum re- 
sulted in delayed and incomplete cytopatho- 
genic effects and with a 1:100 dilution most 
of the cultures were unaffected. Allantoic 
fluid preparations of Lee virus made from un- 
diluted seed, but possessing the same hemag- 
glutinating activity as the “toxic” virus, were 
approximately one-tenth as potent. 

Various concentrations of “subtoxic”’ virus, 
cholera filtrate and xerosin were incorporated 
into the maintenance medium, allowed to re- 
act with the cells, and the cultures challenged 
one or 24 hours later with 0.1 ml of toxic Lee 
virus. “Positive” virus controls consisted of 
tubes incubated in horse serum-maintenance 
solution with equivalent amounts of distilled 
water; “negative” controls, containing the 
same concentrations of test materials, were 
“challenged” with 0.1 ml of normal allantoic 
fluid (NAF). Distilled water, 200 AD of sub- 
toxic virus, cholera filtrate and NAF had no 
effect on the microscopic appearance of the 
HeLa cells even after prolonged incubation. 
Minimal, sporadic cellular changes were ob- 
served in tubes containing | mg of xerosin, but 
these could be readily differentiated from typi- 
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cal virus pathogenicity. Ordinarily 5 or more 
tubes were used for each concentration of test 
material and “blind” readings made every day 
for 4 days after virus challenge. The extent 
of cellular damage was expressed on a scale of 
O to 4+. The numbers of test cultures are 
not always equal because it was necessary to 
discard an occasional contaminated tube. 
Table I shows that the presence in the 
media of high concentrations of cholera filtrate 
and xerosin for 24 hours prior to Lee virus 
challenge did not inhibit cytotoxicity. In an- 
other experiment, a series of HeLa cultures 
were exposed to 200 AD of sub-toxic virus, 100 
RDE units of cholera filtrate or 1 mg of xero- 
sin and challenged one hour later with a prepa- 
ration of Lee virus that produced only a 60% 
cytopathogenic effect in 72 hours. Under these 
conditions, it was again noted that these ma- 
terials were ineffective as anticytotoxic agents 
(Table II). Lastly, in order to afford the 
most favorable conditions for demonstrating 
potential inhibition of cytotoxic action, a dose 
of toxic Lee virus was used that was capable 
of producing only 1+ cytopathogenicity in 72 
hours. Cell cultures incubated for 24 hours 
with subtoxic Lee virus and xerosin were chal- 
lenged with this minimally effective concen- 
tration of Lee virus. As shown in Table III, 
not only was there no inhibition of cellular 
damage, but pretreatment of cells with sub- 
toxic virus or as little as 1 wg of xerosin en- 
hanced the cytotoxic action of Lee virus in the 
72-hour cultures. Even washing the cells free: 
of xerosin and replacing the maintenance solu- 
tion prior to virus inoculation rendered the 
cells more susceptible to the cytotoxic effects. 
Many of these experiments were repeated 
with the WS and A/England/1/51 strains of 
influenza A virus. Although these viruses had 
more limited cytopathogenic action than the 
Lee strain, it was again noted that homologous 
or heterologous subtoxic virus, 100 RDE units 
of cholera filtrate (purified and crude) and 
100-1000 »g of xerosin were incapable of pre- 
venting their 7m vitro cytotoxicity. In con- 
trast, all of these materials effectively counter- 
acted the neurotoxic action of the 3 strains of 
influenza virus. Mice injected intracerebrally 
with 200 AD of virus, 50 RDE units of cholera 
filtrate, or 30 wg of xerosin were highly re- 
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TABLE ITI, Apparent Enhancement of Minimally Cytotoxie Lee Virus by Subtoxie Virus and 
Xerosin. 


Neen ee eee eee ee ee 
SSS 


Control readings 


Lee virus readings 


72 hr 96 hr 72 br 96 hr 
"Distilled water 0,0,0,0,0  0,0,0,0,0 Join it Uetvek nda aaee 
Subtoxie Lee yirus 0, 0, 0, 0, 0 0,0, 0,0, 1 Saleen 4,4,2,4,4 
Xerosin, 1 pg 0, 0,0, 0 0,0, 0, 0 4,3, 4, 4,4 4+,4,4,4,4 

2 lS Cwashed))s = — 3,3, 4,4 4,4,4,4 


* Cultures incubated with 1 ug of xerosin for 24 hr and washed 3 times before virus chal- 


lenge. 


sistant to the convulsive and lethal effects of 


5 LDs 9 of influenza virus administered 24 
hours later. 


Discussion. In the original studies(1) on 
acquired resistance of the intact host to virus 
toxins, the evidence seemed to support a local 
alteration in cellular susceptibility as the 
mechanism of action. This conclusion was 
based in part on the known capacity of virus 
and cholera filtrate to destroy the cell mem- 
brane receptors for influenza viruses(10). 
However, it was subsequently demonstrated 
that the degree of tolerance to the fever-pro- 
ducing(11,12) and neurotoxic(2) effects of 
influenza and mumps virus was not dependent 
on the enzymic action or receptor-gradient 
position of the protective virus. In addition, 
it is now quite clear that the antitoxic prop- 
erty of cholera filtrate is unrelated to receptor- 
destroying enzyme. Wagner(2) intimated 
that partially purified RDE was less effective 
in producing resistance to virus neurotoxin 
than crude cholera filtrate and French(11) 
proved that highly purified, concentrated 
RDE had no antipyrogenic activity. Finally, 
Groupé and coworkers(13) conclusively ruled 
out RDE as the antineurotoxic principle by 
demonstrating that autoclaved cholera filtrate, 
devoid of receptor-destroying activity, was al- 
most as effective as unheated cholera filtrate. 
In spite of these studies, the likelihood per- 
sisted that resistance to virus neurotoxicity 
was a local cellular phenomenon since the 
protective effects of both subtoxic virus and 
cholera filtrate were manifested only by intra- 
cerebral inoculation(2). 

Unlike influenza virus and cholera filtrate, 
xerosin does not affect cellular virus re- 
ceptors(5) and induces some tolerance to toxic 
pneumonitis(5) and encephalitis(6) when ad- 


ministered parenterally subsequent to virus 
challenge. Nevertheless, it is most effective 
when injected intracerebrally 24 hours before 
influenza virus and the duration of tolerance 
is strikingly similar to that produced by sub- 
toxic virus and cholera filtrate. For these 
reasons, Groupé and Hermann(6) postulated 
that xerosin might have two modes of action, 
one directly on host cell-virus interaction and 
the other indirectly on the host response. 
However, studies on xerosin inhibition of toxic 
pneumonitis led Ginsberg(14) to conclude 
that its influence was exerted purely by bol- 
stering host resistance. He found that xerosin 
was effective by the subcutaneous route, and 
that it did not suppress the formation of 
“incomplete” virus nor prevent virus destruc- 
tion of bronchiolar epithelium. Lastly, Gins- 
berg emphasized the nonspecific nature of 
xerosin-induced resistance by showing that it 
protected mice again non-viral, chemical 
pneumonitis. 

The present studies demonstrated that the 
cytotoxic effects of influenza virus on HeLa 
cell cultures were not diminished by doses of 
subtoxic virus, cholera filtrate or xerosin in 
excess of those required to protect mice against 
viral neurotoxic action. The tissue culture 
methods assured direct exposure of susceptible 
cells to high concentrations of presumed anti- 
toxic substances. If it can be assumed that 
the neurotoxic and cytopathogenic actions of 
influenza virus are related phenomena, it 
would appear that tolerance of the intact host 
is not due to local alteration in cellular sus- 
ceptibility. It is apparent that the whole 
question of the mechanisms of acquired resist- 
ance to virus toxic action requires reexamina- 
tion. 


Summary. Subtoxic virus, cholera filtrate 
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and xerosin failed to protect HeLa cell cul- 
tures against the in vitro cytopathogenic 
effects of the Lee strain of influenza B virus 
and the WS and A/England/1/51 strains of 
influenza A virus. Smaller doses of these ma- 
terials effectively rendered mice tolerant to the 
neurotoxic action of influenza viruses. The 
possible implications of these studies on the 
mechanisms by which the intact host acquires 
resistance to virus toxic action are discussed. 
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Effect of Epinephrine Upon Level of Plasma Amino Acids in the Eviscerate 


Rat. 


(21987) 


Dwicurt J. INGLE, VIOLETA FLORES, AND GLORIA TORRALBA. 


From the Ben May Laboratory for Cancer Research, the University of Chicago, Chicago, IIl. 


Some hormones affect the level of plasma 
amino acids in the eviscerate animal. The 
effect of epinephrine upon the level of plasma 
amino acids has not been studied in the evis- 
cerate preparation although it has an effect 
in the intact animal(1). In the present study 
of eviscerate rats, doses of epinephrine which 
had striking effects upon glucose tolerance did 
not affect the level of plasma amino acids in 
either the presence or absence of insulin until 
large doses of epinephrine were administered 
with glucose and insulin for 18 hours. 

Methods. Male rats of the Sprague-Daw- 
ley strain were fed Rockland rat diet. At a 
weight of 250 + 5 g non-fasted rats were an- 
esthetized with cyclopal sodium and func- 
tionally eviscerated. The intestinal tract was 
removed but the liver remained im situ after 
its arterial and portal vessels were tied. Con- 
tinuous intravenous infusions of solutions of 
glucose with and without insulin and with and 
without epinephrine (Parke-Davis Adrenalin 
Chloride) were made by a continuous injec- 


tion machine. The fluid was delivered into 
the saphenous vein of the right hind leg at the 
rate of 20 cc/24 hours/rat. Six rats were in- 
fused at a time so that the control and experi- 
mental animals were studied simultaneously. 
Temperature was constant at 26° + 0.50C. 

At the end of the infusion period the blood 
was drained from the abdominal aorta by can- 
nula. Heparin was used as an anticoagulant. 
The level of plasma amino acids was deter- 
mined by the method of Hamilton and Van 
Slyke(2) and that of blood glucose by the 
method of Miller and Van Slyke(3). 

Results. The conditions of each experi- 
ment and the results are shown in Table I. 
In agreement with earlier reports(1) insulin 
suppresses the rate of rise of plasma amino 
acids following evisceration in the rat. Dur- 
ing a 3-hour period epinephrine failed to 
affect the level of plasma amino acids in 
either the presence or absence of insulin al- 
though in the presence of insulin and a glu- 
cose load of 70 mg/100 g of rat per hour the 


Level of Plasma Amino Acids in Functionally Eviscerate Rats. Averages* and standard errors. 


TABLE I. 


Control 


Blood glucose 


Concentration, mg % 
Control Epinephrine 


Plasma amino acids 


Epinephrine 
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Epinephrine, 
parts/million 
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* Hach average represents 12-15 rats. 


addition of epinephrine caused a striking rise 
in the level of blood glucose (experiments 6, 
7, and 8). During a 16-hour period epine- 
phrine failed to affect the level of plasma 
amino acids in eviscerated rats given glucose 
without insulin. When insulin was given with 
an increased glucose load the addition of 
epinephrine in doses of 10 and 20 parts per 
million caused a significant increase in the 
level of plasma amino acids (experiments 12 
and 13) during a period of 18 hours. 


Discussion. The effects of epinephrine and 
insulin upon the glucose tolerance of the evis- 
cerate rat are in agreement with published 
data(4). Although large doses of epinephrine 
given with glucose and insulin for 18 hours 
have a positive effect upon the level of plasma 
amino acids in the eviscerate rat there is no 
clear relationship between the changes in the 
level of blood glucose and the changes in the 
level of plasma amino acids. The possible 
physiological significance of this extra-hepatic 
effect of large doses of epinephrine upon the 
level of plasma amino acids is not known. 
Adrenodemedullated rats do not differ from 
normal rats with respect to the release of 
amino acids after evisceration(S5). 


Summary. Functionally eviscerated rats 
were given continuous intravenous injections 
of glucose with and without insulin, with and 
without epinephrine for periods of 3, 16, and 
18 hours. Large doses of epinephrine given 
with glucose and insulin for 18 hours caused 
a significant rise in the level of plasma amino 
acids. 
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Microbiological Studies on Growth Factor for L. bifidus var. pennsyl- 


vanicus.* 


(21988) 


PAUL GYORGY AND CATHARINE S. RosE. 


From the Department of Pediatrics, School of Medicine, University of Pennsylvania, Philadelphia. 


For L. bifidus var. pennsylvanicus(1) hu- 
man milk furnishes a specific and essential 
growth factor (factors), named in short the 
“bifidus factor” (BF). In addition, this par- 
ticular variant of L. bifidus is able to utilize 
only preformed pantethine but not panto- 
thenic acid, even when the latter is offered in 
great excess. The growth of L. bifidus var. 
pennsylvanicus is further enhanced by a sup- 
plementary factor, present in human milk, 
cow’s milk, insulin and pancreatic extract. 
For some mutants (or variants) this supple- 
mentary factor may act as an essential nu- 
trient. The chemical characteristics and dis- 
tribution of the supplementary factor appear 
to be closely related to those of strepogenin. 
The supplementary factor is different from 
the specific ‘“‘bifidus factor’(2). Chemically 
the bifidus factor as it occurs in human milk 
belongs in the group of N-containing carbo- 
hydrates. In human milk the presence of a 
great variety of oligo- and polysaccharides 
has been demonstrated(3). Their total quan- 
tity in fresh human milk may be estimated to 
be around 0.4% which is by no means a 
negligible amount with respect to total solids. 
The bifidus factor in human milk is present 
in both low molecular dialyzable and high 
molecular, non-dialyzable form(4). The bi- 
fidus factor may be adsorbed from deprotein- 
ized human milk on charcoal and eluted by 
acetic acid(3). Such milk eluates contain 
also dialyzable and undialyzable fractions(4). 
The carbohydrates of human milk as ob- 
tained in the acetic acid eluates from char- 
coal adsorbates are composed of glucose, gal- 
actose, fucose and N-acetyl-D-glucosamine, 
in various combinations(3). Kuhn and his 
associates have found in human milk one non- 
N-containing triose (fucosido-lactose) and a 
group of N-containing oligosaccharides, con- 
sisting of a tetraose, 2 pentaoses and one hex- 
aose. They have also determined the compo- 


* Supported by a grant of Wyeth Laboratories, 
Division of American Home Products Corp. 


sition and exact structure of several of these 
oligosaccharides and of some of their break- 
down products, such as of 2 bioses and 2 
trioses obtained from the tetraose(5-10). In 
addition to the neutral oligo- and polysacchar- 
ides, human milk also contains acidic oligo- 
and polysaccharides, which occur again in 
dialyzable, low molecular and non-dialyzable, 
high molecular form. The acidic constituent 
of these saccharides has been isolated, chemi- 
cally identified and tentatively named gyn- 
aminic acid(11). It is probably N-acetyl- 
neuraminic acid(11-13). Upon hydrolysis the 
oligo- and polysaccharides containing gyna- 
minic acid yielded glucose, galactose, fucose 
and N-acetyl-D-glucosamine, in addition to 
gynaminic acid(11). The common link in all 
these N-containing oligo- and polysaccharides 
is the presence of N-acetyl-D-glucosamine. 
This is equally characteristic for all microbio- 
logically active compounds obtained from 
other natural sources(14). As a matter of 
fact, N-acetyl-D-glucosamine, as well as N- 
acetyl-D-galactosamine and even inorganic 
ammonium salts have been found, in high 
concentration, active, probably as precursors 
of the bifidus factor(14). All chemically well 
defined oligosaccharides of human milk,t var- 
ious disaccharides obtained from different 
sources and also through enzymatic or chemi- 
cal synthesis, and finally a series of synthetic 
derivatives of N-acetyl-D-glucosamine have 
been tested microbiologically. 

The present report summarizes the results 
of these studies. 


Methods. The microbiological assays were 
carried out as previously described(1), with 
the semisynthetic basal medium(15,16) con- 
taining an enzymatic digest of casein (“NZ 
case peptone,” Sheffield). The supplements 
were used in varying concentration and were 


t Most compounds from human milk, as well as 
from other sources, and a large number of synthetic 
compounds were kindly furnished by Professor 
Richard Kuhn, Heidelberg. 
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Disaccharides of N-acetyl-D-glucosamine from Other Sources than Human Milk. 


SS eee ee 
ooo 


Microbiological activity, 


mg/unit 
. : o Auto- 

Rie i ft: PS Ok ompoun¢ Origin Ref. clavyed Sterile 
4-0-g-D-galaetopyranosyl-N-acetyl-D-glueosa- From hog stomach muein 17 08-1. 06 
mine Mazymatically synthesize ‘ : 

Enz) matic ally synthesized 18,19,20 .08—.1 06 
From meconium 21 .08—.1 06 
Chemically synthesized 22 08-1 06 
3-0-p-D-galactopyranosyl-N -acetyl-D-glucosa- Bnzymatically synthesized 23 Inactive 1.5 
mine 
6-0-g-D-galactopyranosyl-N-acetyl-D-glucosa- Chemically synthesized 24 ihe 95 
mine Enzymatically synthesized 18, 20 8 90 
6-0-8-D-(2’-deoxy-2’-acetamino )-glucopyranosyl Chemically synthesized 25 ALY, hb 
D-galactose 
6-0-g-D-(2’-deoxy-2’-acetamino )-glucopyranosyl- Idem 25 10 07 
D-glucose 
1.2-2.2 


N-N’-diacetyl-chitobiose 


From ehitin 26 .8-1.8 


either autoclaved with the medium or were 
added to it sterile (Seitz-filtered). The micro- 
biological activity was expressed in mg _ per 
unit of the compound tested, related to the 
reference standard of skimmed human milk 
(a) 

Results. Table I summarizes the results of 
the microbiological assays carried out with 
chemically well characterized compounds iso- 
lated from human milk. The Rf-values for 
the neutral oligosaccharides are based on that 
of lactose as unity(3), those for the acid sac- 
charides are related to that of gynaminic acid 
(11). As expected, lactose and the N-free 
triaose (fucosido-lactose) were microbiologi- 
cally inactive. Great variation of activity was 
found for all N-containing oligosaccharides 
tested. Among the neutral oligosaccharides 
only lacto-N-triose II and lacto-N-fuco-pen- 
taose I have shown high activity, regardless 
whether they were autoclaved with the 
medium or added to it sterile. High activity 
was also found for the acid saccharides, both 
in autoclaved and in sterile form. A few 
other compounds were highly active when 
used Seitz-filtered, but showed greatly reduced 
activity after autoclaving with the medium. 
It deserves special emphasis that 3-0-8-D-gal- 
actopyranosyl-N-acetyl-D-glucosamine, which 
is widely distributed in the N-containing 
oligosaccharides of human milk(6,8)  ex- 
hibited no activity when autoclaved with the 
medium, and only very slight activity as 
sterile supplement. In contrast (Table II), 


4-0-8-D-galactopyranosyl-N - acetyl - D - gluco- 
samine showed the highest microbiological ac- 
tivity of all the naturally occurring deriva- 
tives of N-acetyl-D-glucosamine. This di- 
saccharide, originally isolated from hog mucin 
(17), is present in human milk in only low 
concentration, especially when compared with 
3-0--D-galactopyranosyl-N - acetyl - D - gluco- 
samine. It has been obtained also from me- 
conium(21), and through enzymatic(18,19) 
and chemical(22) synthesis, always with iden- 
tical microbiological activity. In Table II 
several other disaccharides of N-acetyl-D- 
glucosamine are listed, some of them showing 
good microbiological potency. 

In addition to the N-containing oligosac- 
charides, several synthetic derivatives of glu- 
cosamine were tested for microbiological ac- 
tivity (Table III). The a-anomers of the 
alkyl glyosides were found to be inactive. Un- 
expectedly very high activity was encountered 
with the £-alkyl compounds, in particular 
with the ethyl- and n-propyl-homologues. 
Even the benzyl and phenyl derivatives were 
strongly active. The activity of methyl-N- 
acetyl-8-D-glucosaminide was greatly en- 
hanced(28) by the addition of the a-anomer 
and brought to the level of the pure ethyl- 
and n-propyl-compounds. On the basis of 
molecular weight the activity of these alkyl- 
derivatives of N-acetyl-D-glucosamine was 
comparable with that of 4-0-6-D-galactopy- 
ranosyl-N-acetyl-D-glucosamine. In this con- 
nection it may be added that in the course of 


Die 


TABLE III. Synthetic Derivatives of N-Acetyl- 


D-Glucosamine. 


Microbiological activity, 
meg/unit 


Auto- 

Name of compound Ref. claved Sterile 
Methyl-N-acetyl-a-D-g* 27,28,29 Inact.  Imact. 
Ethyl-N-acetyl-a-D-g 29 ts a 
n-Propyl-N-acetyl-a-D-g 29 

3enzyl-N- acetyl-a-D-g t ies —- 
Phenyl-N- acetyl-qa-D-g t In: act. a 
Methyl-N-acetyl-g-D- 8 28,29,30,33 ..16-. — 
Ethyl-N-acetyl-s-D-g 29,30 04- 06 05 
n-Propy!-N-acetyl- -g-1 D-g 29,30 04-.06 06 
Isopropyl-N-acetyl-g-D-g t 100 09 
n-Butyl-N-acetyl-g-D-g 30t 065 
Benzyl-N- ae etyl-g-D-g 30t .095 
Phenyl-N-acetyl-g-D-g t 05-07 05 
N- formyl- D-g + 2.5 
Methyl-N-formyl-g-D-g 33 2.5 


Aniline-N-acetyl-D-g t 
p-Anisidine-N- acetyl: D-g ft 
p-Aminobenzoie acid eter 

ester N-acetyl-D-g 


* o — olucosamine. 


t K indly furnished by Dr. R. Kuhn, Heidelberg. 
t IDR Sy Rosem: un, Ann Ar- 
bor. 


the last 2 years the sensitivity of the strain of 
L. bifidus var. pennsylvanicus to pure N- 
acetyl-D-glucosamine autoclaved with the 
medium has shown a distinct, gradual de- 
terioration from 2.3 mg per unit to 4.5-7.0 mg. 
No such reduction in sensitivity was noticed 
for the bifidus factor, as it is present in human 
milk, the active disaccharides, and the alkyl- 
derivatives of N-acetyl-D-glucosamine. 

Discussion. In reviewing the results of the 
microbiological tests reported it is apparent 
that the various oligo- and polysaccharides 
and other derivatives of glucosamine have 
shown considerable variation in their activity 
as bifidus factor. The most potent compound 
of natural origin was the disaccharide 4-0-8- 
D-galactopyranosyl-N-acety! - D - glucosamine. 
However, considering the relatively low con- 
centration of this compound in human milk 
(5,6), it is difficult to assign to it the role of 
the specific bifidus factor. Further, the speci- 
ficity of this disaccharide as bifidus factor is 
at variance with the fact that alkyl-glycosides 
of N-acetyl-D-glucosamine, especially the 
ethyl- and n-propyl derivatives show approxi- 
mately the same high activity. Chemically the 
alkyl-glycosides and the disaccharide are not 
strictly comparable. 

It is of additional interest that in previous 
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studies crude eluates from charcoal ad- 
sorbates of skimmed human milk or fractions 
obtained by alcohol precipitation of depro- 
teinized milk(3,31) have often been found to 
have very high microbiological activity 
(about 250 y per unit), comparable to the 
activity of above named simple derivatives of 
N-acetyl-D-glucosamine. Purified blood group 
substances with an activity of ca. 150 y per 
unit were obtained from ovarian cyst fluid 
(32). 

In the light of all these microbiological find- 
ings it is not possible yet to identify the bifi- 
dus factor with one specific compound. 


Summary. 1. The results of microbiological 
assays on a large number of oligosaccharides 
obtained from human milk and on simple 
derivatives (disaccharides or simple synthetic 
compounds) of N-acetyl-D-glucosamine are 
reported. The high microbiological activity 
of 4-0-8-D-galactopyranosyl-N-acetyl-D-glu- 
cosamine and of ethyl- and n-propyl-N-acetyl- 
B-D-glucosamine has not been exceeded by 
any other compound tested. 2. The “true” 
specific bifidus factor has either still to be 
found or several related compounds may act 
as precursors or in synergistic combination. 


Acknowledgment is made for efficient technical as- 
sistance to Nancy Minnick. 
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Effects of 6-Sitosterol and Ferric Chloride On Accumulation of 


Cholesterol in Mouse Liver.* 


(21989) 


WILLIAM T. BEHER AND WILLIAM L. ANTHONY. 


From the Edsel B. Ford Institute for Medical Research, Henry Ford Hospital, Detrott, Mich. 


Since repeated experimental evidence has 
associated high cholesterol levels with athero- 
sclerosis, various attempts have been made to 
lower blood and organ cholesterol content. 
The effects of several substances on cholesterol 
absorption have been studied using various 
experimental animals. Soybean sterols, con- 
sisting mainly of B-sitosterol, have been shown 
to decrease the accumulation of dietary choles- 
terol(1-5). Studies on dihydrocholesterol 
treated animals have shown that this sub- 
stance is also effective in reducing cholesterol 
absorption(6-8). Moreover, it has been found 
that, in the cockerel, precipitation of bile acids 
by ferric chloride results in a reduction of 
blood cholesterol(9,10). On the other hand, 
in the case of the mouse and rat, evidence has 
been produced that soybean sterols fail to 


* This investigation was supported, in part, by a 
grant from the Michigan Heart Assn. 
B-Sitosterol used in this experiment was generously 
donated by Eli Lilly Co. 


lower organ and blood cholesterol(11,12). 

The object of this experiment is to study: 
first, the effectiveness of 8-sitosterol in preven- 
tion of liver cholesterol accumulation; and 
second, the effectiveness of ferric chloride in 
a mammalian species. 


Methods. Exp. I. Dietary £-sitosterol. 
Webster strain female albino mice weighing 
15 to 20 g were used. Throughout the experi- 
ment all mice were fed ad lib. a basal fat-free, 
cholesterol-free diet, described in a previous 
paper(7), supplemented by adequate amounts 
of vit. A and D. After a 2-week preliminary 
period on this basal diet, the mice were divided 
into 7 groups. The controls, Group I, were 
continued on the basal diet. For the other 
6 groups the basal diet was supplemented with 
1% cholesterol. Cholic acid was also added 
to the various diets as follows: Groups IT and 
V received 0.25%; Groups III and VI, 0.5%; 
and Groups IV and VII, 1%. In addition, 
diets for Groups V, VI, and VII contained 
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TABLE I. Effect of g-Sitosterol and Cholic Acid on Total Mouse Liver Cholesterol. 
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2.5% -sitosterol. All diets were fed ad lib. 
for a 3-week experimental period, during 
which food consumption for the 7 groups 
varied from 2.9 g to 3.4 g per mouse per day. 
After the experimental feeding, the mice were 
sacrificed, and the livers removed, weighed, 
and quick frozen. Total liver cholesterol was 
assayed by a procedure similar to the one used 
in our previous study(7). 

Exp. II. Dietary ferric chloride. National 
Institute of Health strain female albino mice 
weighing 15 to 20 g were used. As in Exp. I, 
all animals were fed ad lib. a basal fat-free, 
cholesterol-free diet for an initial 2-week 
period. The mice were then divided into 5 
groups. For all groups, the basal diet was 
supplemented with 1% cholesterol and 0.5% 
cholic acid. In addition iron, as ferric chlo- 
ride, was added to the diets as follows: Group 
I received no iron; Group II received 0.05% ; 
Group III, 0.5%; Group IV, 1%; and Group 
V, 2%. After being fed ad lib. on these ex- 
perimental diets for 3 weeks, the mice were 
sacrificed, and the livers quickly removed, 
weighed and frozen. Total cholesterol deter- 
minations were made as in Exp. I. 

Results. Table I presents the data on the 
effect of -sitosterol and cholic acid on the 
accumulation of mouse liver cholesterol. As 
can be seen, increasing the dietary cholic acid 
increased the concentration of liver cholesterol 
up to a maximum value attained in Group ITI. 
Comparison of Groups II and V, III and VI, 
and IV and VII shows the effectiveness of ,- 
sitosterol in preventing liver cholesterol build- 
up. It is to be noted that B-sitosterol is most 


(Gyy WRC We 12 Uile 


effective in the presence of 0.5% cholic acid. 
However, in none of these groups did total 
cholesterol concentration approach the con- 
trol values. 

Results of simultaneous feeding of choles- 
terol and ferric chloride are shown in Table II. 
The data indicate that ferric chloride failed to 
decrease cholesterol accumulation. In fact, 
increasing the concentration of ferric chloride 
seemed to increase the cholesterol level. Even 
though comparison of Groups I and II may 
suggest a slight decrease, the significance of 
this difference is doubtful in view of the large 
standard deviation. 

Discussion. From the data in Table I, it 
can be seen that B-sitosterol is effective in de- 
creasing liver cholesterol accumulation under 
certain conditions. However, comparison of 
the present results with those obtained in an 
identical experiment(7) with dihydrocholes- 
terol, shows that, in the presence of equal 
amounts of cholic acid, dihydrocholesterol is 
more effective than f-sitosterol. 

Data on the ferric chloride experiment indi- 
cate that this compound does not reduce 
dietary cholesterol accumulation in_ liver. 
This finding does not coincide with that of 
Siperstein et al.(9), who postulated that ferric 
chloride binds the bile acids in the intestinal 
tract, thereby suppressing cholesterol absorp- 
tion. However, it must be noted that two 
major differences exist between their experi- 
ment and the present one: First, Siperstein 
et al. experimented on cockerels, while in our 
experiment, mice were used; and second, they 
studied blood cholesterol levels, while our data 
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TABLE II. Effect of Ferric Chloride on Total Mouse Liver Cholesterol. 


Additions to basal fat-free diet (%) 


Group No. of 
and diet mice Cholesterol Cholie aeid 
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IV 7 1 n3) 
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are measurements of liver cholesterol concen- 
trations. The differences found in these ex- 
periments may be explained by the hypothesis 
that ferric ions have a toxic action on liver 
cells, which prevents the normal distribution 
of cholesterol between the blood stream and 
the liver. In agreement with Siperstein ef al., 
we found that ferric chloride, fed in concen- 
trations of 2% or more, proved to be highly 
toxic and, in some cases, fatal after a few days. 
The possible physiological after-effects of even 
small amounts of this compound cannot be 
overlooked. 

Summary. 1. Increasing the cholic acid 
content of a diet rich in cholesterol, signifi- 
cantly increased total liver cholesterol. 2. The 
addition of -sitosterol to diets containing 
cholic acid and cholesterol, decreased total 
liver cholesterol. 3. Addition of ferric chlo- 
ride, in varying amounts, to diets rich in 
cholesterol and cholic acid, resulted in prac- 
tically no change in total cholesterol content 
of mouse liver. 
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Identification by Fluorescent Antibody of Developmental Forms of 


Psittacosis Virus in Tissue Culture.* 


(21990) 


Sonja M. Buckiey, ELINOR WHITNEY, AND FRED Rapp.+ (Introduced by 
Irving Gordon.) 
From the Division of Laboratories and Research, N. Y. State Department of Health, Albany. 


Bedson(1) has described a developmental 
cycle for psittacosis elementary bodies in the 
cytoplasm of host cells. The cytologic studies 
(1-6) proved that the intermediate develop- 
mental forms such as initial bodies and 
plaques are regularly associated with the 
propagation of virus and are structural evi- 
dence of cellular infection. Morphologic ob- 
servations have failed to establish whether the 
large structures are secondary reaction 
products or multiplying virus. Electron 
micrography has so far produced only equi- 
vocal evidence(7-9). The present study was 
undertaken with the hope that the immunocy- 
tochemical method for intracellular identifica- 
tion of antigen described by Coons and his co- 
workers(10) might determine the nature of 
the inclusion bodies. 

Materials and methods. Virus: The psit- 
tacosis 6 BC strain was generously provided 
by Dr. Herbert Morgan, University of 
Rochester School of Medicine, and was main- 
tained by yolk sac passage in embryonated 
eggs. A 10% yolk sac suspension with an 
LD; titer of 10° was used. Albany strain 
mice were employed. Infectivity tests were 
performed in young adults (8-12 g). Preg- 
nant mice 60-80 days old were the source of 
mouse embryos. Groups of 5 mice were inocu- 
lated intracerebrally with 0.03 ml of undiluted 
supernates of lightly centrifuged ground tis- 
sue suspension, then observed for 21 days. 
Tissue culture: Pregnant mice, approximately 
at the end of the period of gestation, were sac- 
rificed by ether anesthesia. Embryonic livers 
were removed aseptically and minced with 


* This work was carried out under the sponsorship 
of the Commission on Viral Infections, Armed 
Forces Epidemiological Board, and was supported in 
part by the Office of the Surgeon General, Depart- 
ment of the Army. 

t Present address: Department of Medical Micro- 
biology, University of Southern California Medical 
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detachable knife blades into 1- x 2-mm pieces. 
Five pieces were planted on a 10- x 20-mm 
cover glass and 5 were planted on a 10- x 
10-mm glass fiber mesh(11) placed in the flat 
bottom of a Leighton tube (Microbiological 
Associates, Bethesda, Md.). Approximately 
0.1 ml of horse serum was added to the ex- 
plants. Preparations were incubated at 40°C 
for 20 minutes, after which nutrient fluid(12) 
(beef amniotic fluid 85%, beef embryo ex- 
tract 5%, horse serum 10%, 50 pg/ml of 
crystalline dihydrostreptomycin sulfate 
(Merck) ) was added, 0.5 ml per tube. Cul- 
tures were incubated at 35°C for 5 days prior 
to use. Fluorescent-antibody technic: ‘The 
indirect method of Weller and Coons(13), and 
Coons, Leduc, and Connolly(14) was applied. 
Fluorescein isocyanate was synthesized and 
conjugated to the pseudoglobulin fraction of 
antihuman gamma globulin horse serum} ac- 
cording to methods described by Coons and 
Kaplan(10) with minor alterations. For spe- 
cific combination with intracellular antigen, 
human antipsittacosis serum (No. V54-2029) 
was used. The 50% unit titer was 1285 in a 
complement-fixation test against a phenolized 
10% yolk sac antigen. A human serum (No. 
V54-1766) was the control. Nonspecific 
staining was eliminated by absorption of the 
conjugate with whole mouse embryo powder 
and subsequent dilution with buffered saline 
(sodium chloride solution, phosphate buf- 
fered to pH 7.0).  Cover-glass prepa- 
rations from inoculated and uninoculated 
groups were removed and treated as de- 
scribed by Weller and Coons(13). Stained 
cultures were examined for the presence of 
intracellular antigen under the fluorescence 
microscope. Its light source was a 1000-watt 
General Electric water-cooled mercury vapor 
lamp (type A-H6). The beam was condensed 
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by a quartz lens (61.5 mm diameter, 59.5 mm S ae 2 = 
focal length). Infrared and visible light was gs |ESe|o x eau 
filtered by passing the beam through 25% = Sree abe 
CuSO, in a water-cooled cell in which a Corn- Sf) | hee ene 
ing glass filter (#5840, 1% standard thickness) iS ‘| 
was immersed. Slides were viewed through a 2p ie 
dark-field microscope with a Wratten 2 B gel- : | +10 +0 42 - 
atin filter in the ocular. Photomicrographs = 8 ve ies z 
were taken with a Zeiss Miflex camera and x S 
super ortho press film. Exposure for 400X S ae S 
magnification was 3 minutes. Films were z a ie is HS @ 
tray-developed in DK-50 for 5 minutes at = aw ee 3 
JAD Oop g 4 
Results. Specificity of fluorescent antibody = By | ie Bea area é 
technic: In preliminary experiments, in- 4 ES Hosea hes 
fected and uninfected explants were exposed ‘a Sas _ 
for 20 minutes to 1:10 dilutions, respectively, = on if a 
of human antipsittacosis serum and of human & Ae a eres = 
serum which did not react in the complement- g Te|te +7 BSS g 
fixation test with psittacosis antigen. Cultures ie Be its co 
on cover glasses were washed for 10 minutes 2 é he 2 
with buffered saline, then overlaid for 20 min- ell Se itis Saye 3 
utes with a 1:10 dilution of fluorescein conju- peel Seder aor e oem 3 
gate. Cultures were again washed for 10 min- Eee 2 = 
utes and mounted as described by Weller and 7 S fe eMC om tee ies cS 
Coons(13). Brilliant yellow-green fluores- = S| Boy He a altees S 
cence was observed in the cytoplasm of in- Ze l | \ 
fected cells treated with human antipsitta- a & ze E te Fae) TSS | g 
cosis serum. Uninfected explants exposed to 28 a a Aas aoe z 
human antipsittacosis serum and infected ex- oF s whee Ns | E 
plants treated with nonreacting human serum a see tata ies 3 ay GA 
showed blue-gray autofluorescence. z Sys wpe 
Relation of inoculation dose to specific 3 Ey (Eee a ey e & 
fluorescence and infective virus: Cultures with ee Seyret tase dle . i 
good outgrowth were divided into 3 groups in- P| Mare sith SB og 
oculated respectively with 0.05 ml of 107, zo a |S Sle Z 
10°, and 10° dilutions in nutrient fluid of & fy |.2 sr 
yolk sac suspension. At varying times (Table : ‘Z | Whe Flee ans £84 
I) preparations of each group were treated g S| i ne Sine 
in the following manner: 1. Cover-glass = oY age 
preparations were washed free of extracellular 3 | = Le = 2 5 2 
antigen in 3 changes of buffered saline. Ex- < = aes a 
posure of infected cultures to human antipsit- S Sey z : £ 
tacosis serum was followed by staining with é 3) 343 
fluorescent antibody. Time factors for the 5 Sa ley agt. co meee 
staining procedure were substantially the Eh Peete ere Re ONY: Say B 
same for all preparations. 2. Glass fiber 8 An 2 2s 
patches carrying infected explants were re- = =f ee: a 
moved from Leighton tubes and washed in 6 a a a ) A Bee, 
changes of buffered saline to minimize con- ma) eS OS SS ie 
tamination by residual antigen, then ground = A | | 
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FIG. 1. Mouse embryo liver cells infected with 10° dose of 
technic 72 hr after inoculation. Arrow points to plaque. 400. 
2. Mouse embryo liver cells infected with 19° dose of 
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virus; stained by fluorescent 


virus; stained by fluorescent 


Mouse embryo liver cells infected with 10~ dose of virus; stained by Giemsa’s meth- 


od 72 hr after inoculation. Arrow points to plaque. 400. 


in mortars with alundum and 0.5 ml of nu- 
trient fluid per 5 explants. After light angle 
centrifugation supernates were tested for in- 
fectivity in mice. In 10 different experiments. 
approximately 260 cover-glass preparations, 
carrying 5 explants each, were examined for 
presence of specific fluorescence at different 
intervals postinoculation. Results were grad- 
ed from — to +-+-++-—+ , — indicating absence 
of specific fluorescence; + a trace; + in- 
volvement of 5%; ++ 6-25%; +++ 26- 
75%; and +-+-+-+ the presence of specific 
fluorescence in more than 75% of the out- 
growing cells. With the heaviest virus inocu- 
lum (107+), intensity of specific cytoplasmic 
fluorescence was moderate early and became 
marked 16 hours following inoculation and re- 
mained intense throughout the experiment 
(Fig. 1). With a medium (10%) dose of 
virus, two distinct features were noted: The 
appearance of specific fluorescence was de- 
layed and its distribution was focal, involving 
5-25% of outgrowing cells. The intensity was 
weak for the first 16 hours, and became mod- 
erate for the rest of the experiment. Nega- 
tive results were obtained when the 10° dilu- 
tion was used (Fig. 2). 

Tests for the presence of virus in washed 
explants indicated that it was present in all 
groups inoculated with the 107+ dilution. The 


average time to death decreased in the 107+ 
and 10” groups as the experiment progressed, 
evidence of the multiplication of the virus. 


Identification of antigen in developmental 
jJorms. In this series of experiments, the 
morphology of cultures stained with fluores- 
cent antibody was compared with Giemsa‘- 
stained cover-glass preparations. Diffuse 
fluorescence was observed in the early stages, 
1, 3, and 5 hours postinoculation. Stippling, 
1.e., the appearance of tiny fluorescent gran- 
ules, distributed evenly throughout the cyto- 
plasm, occurred as early as 8 hours following 
inoculation. It compared well with purple 
red staining elementary bodies and blue stain- 
ing larger initial bodies in the cytoplasm of 
the cells stained by Giemsa’s method. Con- 
current with the blue staining vesicles and 
plaques at 12- and 16-hour intervals, larger 
fluorescing bodies were observed, sometimes 
eccentrically located in the cytoplasm. The 
size of the inclusion bodies in the Giemsa 
preparations continued to be much the same 
as in the fluorescent-antibody preparations 
throughout the growth cycle of the virus in 
cultures inoculated with the moderate (107) 
and heavy (10) doses (Fig. 3). Cultures in- 


§ Giemsa stock solution, Merck and Company, 
Darmstadt, Germany. 
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oculated with the low (10%) dose, which 
showed no specific fluorescence, likewise de- 
veloped no inclusion bodies detectable by 
Giemsa stain. 

Discussion. By the immunocytochemical 
criterion described it was shown that antigen 
was regularly present within the develop- 
mental forms of psittacosis virus and that the 
inclusion bodies can be considered to be virus 
colonies rather than reaction products of in- 
fected cells. Bedson and Gostling(15) have 
suggested that multiplication of psittacosis 
virus is initiated as soon as elementary bodies 
are introduced into a susceptible tissue. This 
view is substantially supported by our in vitro 
observation that virus can be located within 
the cytoplasm of a few cells as early as one 
hour after inoculation. Whether the early in- 
tracellular appearance of antigen signifies the 
presence of infective virus has not been set- 
tled, since repeated washing of explants failed 
to remove traces of residual virus. In groups 
inoculated with a moderate dose, however, the 
early stages were characterized by lack of spe- 
cific fluorescence and negative infectivity 
tests. With the appearance of intracellular 
fluorescence, infective virus was also demon- 
strated. 

A large dose of virus infected 759 or more 
of outgrowing cells within the first 16 hours, 
whereas a smaller dose produced only a focal 
distribution of specific fluorescence, leaving 
75% or more of outgrowing cells uninfected. 

Weiss(5) has described intranuclear gran- 
ules resembling elementary bodies 7 to 10 
days after infection of experimental animals. 
and considered the possibility that the virus 
had invaded the nuclei. In our experiments 
specific fluorescence appeared within the cyto- 
plasm alone during the 72-hour observation 
period. The various stages of cellular division 
were not correlated with the detection of spe- 
cific fluorescence. No attempt was made to 
examine for extracellular forms of virus(5). 
since the search for intracellular antigen ne- 
cessitated frequent washing of cultures to 
minimize residual virus. The fluorescent-anti- 
body technic proved to be more sensitive than 
Giemsa’s differential stain for detection of 
virus provided the inoculation dose was large. 
Giemsa staining failed to disclose with cer- 


tainty intracellular fclusions at 1- and 3- 
hour intervals following inoculation, whereas 
the immunocytochemical stain detected intra- 
cellular antigen earlier and in greater quan- 
tity throughout the experiment. The differ- 
ence may have been affected by the difference 
in method of fixation, formalin(16) being 
used for the Giemsa preparations, while air 
drying (1 hour at 37°C) followed by acetone 
was employed for the fluorescent-antibody 
studies. Antigen might be lost during the for- 
mer treatment. Numerous observations of 
empty vesicles within the cytoplasm of Gi- 
emsa-stained cells suggested this might have 
been the case. A similar loss of antigen may 
have occurred during the studies of Kurotch- 
kin ef al.(7) who reported disintegration of 
large structures following treatment with 
ether for 5 minutes and reasoned that inclu- 
sion bodies represent secondary reaction 
products, perhaps of lipid nature, rather than 
virus colonies. 

Summary. 1. Developmental forms of psit- 
tacosis virus have been studied in mouse em- 
brvo liver tissue cultures im vitro by the fluor- 
escent-antibody technic. 2. Inoculation of a 
large dose of virus resulted in the intracellular 
appearance of antigen in most of the outgrow- 
ing cells within 16 hours. A moderate dose of 
virus resulted in the focal distribution of spe- 
cific fluorescence. When a small dose of virus 
was inoculated, no specific fluorescence was 
detected. 3. The evidence indicates that virus 
antigen is present in the developmental forms 
within the cytoplasm of infected cells through- 
out the various stages that make up the 
growth cycle of psittacosis virus. 
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When rats are placed in parabiosis one of 
them may thereby be protected against other- 
wise fatal consequences. It has been shown 
for example, that survival of one is prolonged 
after total nephrectomy(1), a lethal dosage of 
x-rays(2,3) or bilateral adrenalectomy(4), 
when the co-twin is normal. Similarly the 
usually severe diabetes following either pan- 
createctomy(5) or toxic doses of alloxan(6) 
is either minimized or abolished by the pres- 
ence of a normal partner. Recently we have 
reported that when one of a normal pair of 
parabiotic rats is subjected to transection of 
the spinal cord just caudad to C7, the operated 
rat develops erythremia, with increased hemo- 
globin, erythrocyte count and hematocrit. 
whereas the intact co-twin concurrently de- 
velops a rapidly fatal anemia(7). This study 
was interpreted to indicate that the capillary 
hypotension induced on one side of the capil- 
lary anastomosis by spinal transection led to 
a decrease in the amount of blood exchanged 
from operated to intact, while the amount 
traversing the vascular bed from intact to 
operated remained normal. These changes, 
typical of spontaneous parabiosis intoxication 
(8), suggest the latter to be due to a shock-like 
state in one of the partners. 

The present study was undertaken to deter- 
mine whether the disparity in blood transfer 
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could also be induced by subjecting one of a 
pair to tourniquet shock, or whether the 
usually lethal effects of this intervention would 
be modified by the presence of a normal twin. 

Materials and methods. The animals used 
in these studies were females of the Holtzman 
strain. Thirteen single animals weighing 100- 
139 g served as controls, and 10 pairs of para- 
bionts, in union for 2 weeks and together 
weighing 200-280 g, constituted the parabiotic 
group. Parabiosis was performed essentially 
by the method of Bunster and Meyer(9). 
Tourniquets were applied to both hind limbs 
of the singles and to both hind limbs of one of 
the partners of each pair. The method was sim- 
ilar to that described by Rosenthal(10) and 
Stopack(11). A #8 elastic band was looped 
5 times around a hollow tube of 16 mm 
diameter, each hind limb was then drawn 
through the tube and the elastic ligature 
slipped off so as to constrict the limb as close 
to the body as possible. The ligatures were 
removed 5 hours later. Rectal temperature. 
erythrocyte count, hematocrit and hemoglobin 
determinations were taken on all animals prior 
to ligation, and at 12, 36, and 48 hours after 
its removal, where survival permitted. Purina 
Laboratory Chow and tap water were available 
to the rats at all times. 


Results. Of the 13 single rats to which the 
tourniquets were applied, 5 died within 12 
hours of removal of the ligatures and all but 
one had succumbed by 48 hours thereafter. 


PROTECTION AGAINST SHOCK BY PARABIOSIS 


TABLE I. Effect of Tourniquet Shock on Single and Parabiotic Rats. 


A—Single rats 


Erythrocytes, Hemoglobin, 


U3 


Time No. rats Rectal temp., °C millions cu/mm 2/100 ce Hematocrit 
Betore tourniquet is 38.0 + 1.4* 7.50 aa 30° ; 14.9 + .3 ASE te 
12 hr after removal S 29.44 1.2 10.43 + .36 20.1 + .5 62 + 1.0 
soe 2 32 » YS = & 11.15 + .83 215 42 9 65 + 3.1 
48 ; ] 38.4 9.80 15.3 ol 

B—Parabiotic¢ pairs 
Erythrocytes, 

ey No. Rectal temp., °C million ¢cu/mm Hemoglobin, g/100 ce Hematoerit 

Time pairs Leftt Right Left Right Left Right Left Right 
Before 10 3824.3 3824.3 7.57+.26 815+.39 1464.3 1504.6 4241.2 44417 

tourniquet 
12 hr aftert 10 d7.5 + 2 387.74 .2 912+ .39 805+ .50 1644+ .2 1464+ .2 50+1.1 4341.6 
SOL wer 10 38.0 + .2 37.94 .2 7.09 + .32 669+ .59 130+ .31234.9 37414 36+ 2.3 
EL Steet |" 10 38.24 1 3824+ .2 7.024 .42 6664+ 46 128+ .4126+.8 37+1.6 3842.4 

*+§8.E. of the mean. + Animal with tourniquet applied. t After removal, 


Rectal temperatures declined rapidly, and 
there occurred a marked hemoconcentration 
as evidenced by increase in the red-cell count, 
hemoglobin and hematocrit which was progres- 
sive until death. The results are given in 
Table IA. 

The behavior of parabiotic rats was in 
marked contrast. Following removal of the 
tourniquets from the limbs of the one animal, 
there occurred a transient hemoconcentration 
at 12 hours, reflected in the hemogram, but no 
alteration in rectal temperature. However, at 
the 12-hour interval hemoconcentration was 
not nearly as marked in these as in single 
animals similarly treated, and whereas it was 
progressive in the latter it promptly reverted 
towards normal in the parabionts. Further, 
although the edema of the limbs was as 
marked in parabionts as in singles following 
ligature removal, and indeed in one the limbs 
amputated 4 days thereafter, none of them 
succumbed. The hemograms of the untreated 
partners indicated an anemic tendency. This 
was detectable at the 36-hour interval, was 
still present at 48 hours, and recovered slowly 
thereafter. Inasmuch as each of the pairs had 
tended to stabilize within 48 hours, no further 
blood determinations were made, although 
survival was followed for 2 weeks. The results 
are summarized in Table IB. 

Discussion. Since the chief connection be- 
tween the twins is vascular, and since the re- 
covery from transient hemoconcentration in 


the injured rat was accompanied by hemodilu- 
tion in the untreated partner, it seems reason- 
able to attribute the protective effect of para- 
biosis to the availability of the normal part- 
ner’s blood to the injured twin. The magni- 
tude of this interchange was sufficient to in- 
duce changes in the hemogram of the un- 
treated animal in most cases although not to 
the same degree as has been true of untreated 
rats, attached to twins subjected to spinal 
transection, which invariably succumb. It 
would seem likely that the erythrocyte and 
fluid reserves available to the untreated twin 
are often sufficient to enable it to maintain 
an almost normal hemogram in the face of 
demands by the damaged twin. Only when 
the reserves are strained, as when a normal 
animal is attached to a twin with a spinal 
transection(7), to a dying or dead partner 
(12), or perhaps when one is attached to the 
hyperemic member of a pair with spontaneous 
parabiosis intoxication(12), is the resulting 
demand upon the vascular fluids of the normal 
partner sufficiently severe as to induce a fatal 
anemia. This is believed to be due to whole 
blood transfusion of one rat by its partner, 
with the latter undergoing hemodilution in an 
effort to sustain the declining blood volume as 
discussed elsewhere(13). 

Summary. 1. Elastic ligatures applied to 
both hind limbs of young female rats for 5 
hours produced shock and death in 12 of 13 
single rats; a marked and progressive decrease 


bo 
w 
bo 


in body temperature and an increase in hemo- 
concentration invariably occurred in those 
which succumbed. 2. Tourniquets applied 
similarly to the limbs of one partner failed to 
produce a single death in 10 pairs of para- 
bionts. A transient hemoconcentration was 
observed in the injured partner at 12 hours 
although rectal temperatures remained stable. 
Anemia occurred in the untreated member of 
many of the pairs, and is believed to reflect 
transfusion of the shocked rats, with compen- 
satory hemodilution in an effort to sustain the 
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Inhibition of Lipid Synthesis by Alpha-Phenyl-N-Butyrate and Related 


Compounds. 


(21992) 


DANIEL STEINBERG AND DONALD S. FREDRICKSON. (Introduced by James H. Baxter.) 


From the Laboratory of Cellular Physiology and Metabolism, National Heart Institute, National 
Institutes of Health, Bethesda, Md. 


Cottet ef al. have reported that feeding 
alpha - phenylbutyrate (phenylethylacetate) 
can lower serum cholesterol levels in the 
normal rat(1,2) and in patients with various 
forms of hypercholesterolemia(3). Since the 
drug did not prevent hypercholesterolemia in 
cholesterol-fed rats(1), it presumably does not 
act by inhibiting intestinal absorption; but the 
mechanism of action remains to be estab- 
lished. The present studies show that 7m vitro 
the drug strikingly inhibits synthesis of both 
cholesterol and fatty acids from sodium ace- 
tate-1-C™. 

Methods. Male Sprague-Dawley rats main- 
tained on Purina rat chow to the time of sacri- 
fice were decapitated and livers rapidly re- 
moved and chilled. 350-450 mg liver slices 
made with the Stadie-Riggs microtome were 
incubated with sodium acetate-1-C™ at 37°C 
in Krebs-Ringer phosphate buffer, pH 7.4, 
from which Ca++ and Mg++ were omitted. 


CO. was collected in a KOH center well and 
converted to BaC™O, for assay of radioactiv- 
ity. At the end of incubation the slices were 
drained of buffer and homogenized for 3 min- 
utes in 50 ml 1:1 acetone-ethanol in a Waring 
blendor.* After centrifugation the super- 
natant was taken to dryness on a steam bath 
under nitrogen, and the dried residue saponi- 
hed by autoclaving 4 hours at 15 pounds with 
5 ml 3 N KOH. Then 5 ml absolute ethanol 
were added and the non-saponifiable lipid ex- 
tracted with three 30-ml aliquots of n-heptane. 
This was back-washed with 1 N KOH and 
water. Aliquots of the concentrated heptane 
extract were dried on steel planchets and 
counted directly to determine non-saponifiable 
lipid radioactivity. In several experiments 


* We are indebted to Dr. Joseph H. Bragdon for 
this simple procedure which he has found to give 
essentially complete extraction of liver lipids. 
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cholesterol radioactivity was measured by pre- 
paring and counting the digitonide. Results 
were essentially the same when obtained by 
direct counting of heptane extracts. On the 
basis of this correlation, the incorporation into 
non-saponifiable lipid fraction may be taken 
as a measure of cholesterol synthesis. The 
KOH phase, after extraction of cholesterol 
was acidified and the alcohol and volatile fatty 
acids removed by heating on a steam bath. 
Non-volatile fatty acids were extracted with 
three 30-ml aliquots of n-heptane and back- 
washed with 10% acetic acid and water. This 
treatment, as shown by zero time control 
studies, effectively removed all traces of the 
original labeled acetate. After concentration, 
aliquots of this extract were plated and 
counted directly (non-volatile fatty acid radio- 
activity). Acetoacetate was decarboxylated at 
end of incubation by addition of aniline citrate 
to the acidified medium(4). The C!#O. lib- 
erated, representing carboxyl-carbon, was col- 
lected in a KOH center well and assayed as 
for metabolic C4O.. Inhibitorst were made 
to the appropriate final concentrations in but- 
fered medium as sodium salts. All radioassays 
were carried out using the windowless flow 
proportional counter of Robinson(5).  Self- 
absorption corrections on BaCO ; and choles- 
terol digitonide samples were made to the 3.1 
mg/cm? point. 

Results. In vitro studics with alpha-phenyl- 
n-butyrate. At 1 x 10° M alpha-phenyl- 
butyrate strongly inhibited incorporation of 
sodium acetate-1-C'* into cholesterol (non- 
saponifiable lipid). In the typical experiment 
summarized in Table I the rate of incorpora- 
tion in presence of the drug was only about 
one-half that of control. Extent of inhibition 
did not appear to be a function of the time of 
incubation. However, it did vary from rat to 
rat. In 6 experiments with incubation times 
ranging from %4 to 2 hours, inhibition varied 


t Alpha-phenyl-n-butyric acid was purchased from 
Distillation Products Industries; a,a’-diphenylbu- 
tyrate and _ £,8’-diphenyl-a-ethylpropionate were 
synthesized in Dr. Evan C. Horning’s laboratory; 
a,a’-diphenylvalerate and 1-dimethylamino-2,2  -di- 
phenylpentane HCl were made by Smith, Kline and 
French Laboratories (SKF 2314 and SKF 3019 A). 


=) 
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TABLE 1. Effect of Alpha-phenylbutyrate on Ace- 
tate-1-C Incorporation into Lipids.* 


Total radioactivity in ipid 


fractions (10' ¢.p.m./g 


Cone. of liver slices) 
alpha- Non- 
phenyl- saponifiable Non-volatile 
Flask butyrate lipid fatty acids 
] 0 1.06 093 
2 0 1.00 O88 
3 1 < 10M 48 030 
4 My 61 040 


*30 min. incubation. 400-420 mg liver slices in 
5.9 ml medium. 1 ye sodium acetate-1-C™ added 
(1 me/mM). 


from 32% to 62%, mean 42%. The reason 
for this variation, as well as for variation in 
rate of incorporation in normal control rats 
noted by many laboratories, is not entirely 
understood(6-8). 

Incorporation into non-volatile fatty acids 
was also inhibited to about the same extent. 
In 5 experiments it ranged from 23% to 62% 
with a mean of 41%. 

The observed inhibition of both cholesterol 
and fatty acid synthesis from acetate sug- 
gested that the site of action of the drug might 
be at an early step common to both biosyn- 
thetic pathways. Incorporation of labeled 
acetate into acetoacetate was measured and, 
as shown in Table II, was also inhibited by 
about 50%. 

At 1 x 10° M the drug did not significantly 
affect the endogenous oxygen consumption of 
liver slices (Table II), suggesting that the 
effects on lipid synthesis are not due to a basic 
disruption of the over-all tissue metabolism. 
This is further indicated for, in a number of 
experiments the oxidation of labeled acetate to 
C40. was decreased only by 5-15% (see 
Table Il). Apparently the reactions of tricar- 
TABLE II. Effeets of Alpha-phenylbutyrate on 
Oxygen Uptake, Acetate-1-C™% Oxidation and In- 

corporation into Acctoacetate.* 
Total radioactivity 
(10! e.p.m./g liver 


slices) Oxygen 
Phenylbutyrate = = uptake 
concentration Acetoacetate CO, (ul/g wet wt) 
0 .80 2.34 927 
2.06 896 


1 AOS AYE 41 


* 120 min. incubation. 430-480 mg liver slices in 
3.0 ml medium. 0.1 we sodium acetate-1-C™ added 
(1 me/mM). 
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TABLE III. 
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Effects of Compounds Structurally Related to Alpha-phenylbutyrate on Acetate- 


1-C™ Oxidation and Incorporation into Non-saponifiable Lipid Fraction. 


Total radioactivity (10* ¢.p.m./g liver slices) 
Non-saponifiable 


CO, lipid 
Inhibitor Control Inhibited Control Inhibited 
a, a’-diphenylbutyrate (SCA ys 21.0 20.0 1.02 36 
8, B’-diphenyl-q-ethyl propionate (1 « 10*M )* 21.0 16.6 1.02 44 
a, a’-diphenylvalerate (1 x 10°°M)t 24.3 1232 92 AIL 
Idem (GL Se al ail) 14.4 10.1 031 .025 
* 120 min. incubation. 500 mg liver slices in 5 ml medium. 1 pe (=1 4M) acetate-1-C™ 


ndded. 
+ 60 min. incubation. 


380-400 mg liver slices in 3.5 ml medium. 


1 we acetate-1-C™ added. 


+ 60 min. incubation. 400-410 mg liver slices in 3.5 ml medium. 150 uM unlabeled acetate 


with 1 we (=1 uM) of aeetate-1-C™. 


boxylic acid cycle and reactions of terminal 
oxidation can proceed with little or no impair- 
ment in the presence of these concentrations. 


Inhibition of C!O, production, while on the 
average considerably less than inhibition of 
lipid synthesis (mean of 7 experiments 15%), 
was nevertheless highly significant. In 2 ex- 
periments this inhibition rose to about 40%. 
This finding, as discussed further below, sug- 
gests that there is inhibition either in activa- 
tion of acetate(9) or in condensation reaction 
through which acetyl-coenzyme A (acetyl 
CoA) enters the tricarboxylic acid cycle(10). 
When the concentration of alpha-phenylbuty- 
rate was raised to 1 x 10° M, incorporation of 
labeled acetate into cholesterol and fatty acids 
was almost completely inhibited and incor- 
poration into acetoacetate was inhibited by 
more than 70%. However, at this concentra- 
tion there was also inhibition of oxygen con- 
sumption, as much as 25% in some experi- 
ments, and inhibition of the rate of incorpora- 
tion of alanine-1-C'™ into liver proteins(11). 
At this higher concentration, then, the drug 
interfered with tissue respiration and presum- 
ably also with energy metabolism. 

In vivo studies with alpha-phenyl-n-buty- 
rate. It has been proposed(3) that alpha- 
phenyl-butyrate might interfere with choles- 
terol synthesis by forming an extremely stable 
CoA complex, thus reducing the effective levels 
of the coenzyme. The concentrations of CoA 
in livers of rats fed alpha-phenylbutyrate, 
200 mg/kg/day for 4 weeks, were measured 
(12). The values found for control animals 
were: 163, 228, 179 units/g; for the drug-fed 


animals, 203, 207, 226 units/g.+ While the 
results in such a small group cannot be consid- 
ered conclusive they suggest that any dramatic 
effects on levels of available CoA are not to 
be expected. Since the experiments of Klein 
and Lipmann(13) show that liver CoA must 
fall to 50 or 60 units/g before lipid synthesis 
is inhibited it is unlikely that availability of 
CoA is a limiting factor in lipid synthesis of 
phenylbutyrate-fed rats. Total liver choles- 
terol in these drug-fed animals also remained 
at normal levels. 

In vitro studies with related compounds. 
Several compounds structurally related to 
alpha-phenylbutyrate have been studied im 
vitro in a similar manner. As shown in Table 
III, 2 of these (a,a’-diphenylbutyrate and 
8,8’-diphenyl-a-ethyl-propionate) have simi- 
lar effects. At 1 x 10° M they inhibit choles- 
terol synthesis by somewhat over 50% with- 
out markedly inhibiting acetate oxidation. 
The third compound (SKF 2314 = a,d’- 
diphenylvalerate) is a considerably more po- 
tent inhibitor of cholesterol synthesis, effective 
even at concentrations of 1 x 10° M. These 
compounds, aromatic acids with structures 
close to that of alpha-phenylbutyrate, have 
been previously shown by Brodie e¢ al.(14) 
and by Cook e¢ a/.(15) to inhibit a number of 
reactions in biotransformation of drugs. The 
spectrum of reactions inhibited is quite broad 
(e.g. hydroxylation, barbiturate side-chain 
oxidation, dealkylation) but they share in 
common a requirement for oxygen and triphos- 


+ We wish to thank Dr. Earl R. Stadtman for his 
assistance in the CoA analyses. 
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phopyridine nucleotide and localization in 
microsomes(13). 


Studies by La Du ef al.(16) have shown 
further that the carboxyl group is not an ab- 
solute structural requirement for inhibition in 
microsomal systems. 1-dimethylamino- 2,2- 
diphenylpentane hydrochloride (SKF 3019 A) 
proved extremely potent in inhibiting the de- 
alkylation reaction. It was of interest, then, 
to test this compound in our system. At 1 x 
10° M it inhibited acetate incorporation into 
cholesterol by 53% and acetate oxidation to 
COz by 17%. 

Discussion. These data suggest that the 
effect of alpha-phenylbutvrate on acetate in- 
corporation into lipids represents inhibition at 
one of the earliest levels of acetate metabolism, 
probably before formation of aceto-acetate. 
The site of inhibition could be either: 1) in 
the formation of acetyl-CoA; or 2) in subse- 
quent acetylation reactions involving acetyl- 
CoA; or 3) both. 


The fact that incorporation into lipids was 
generally inhibited more strongly than oxida- 
tion to COs does not rule out inhibition at the 
activation step. Since the reaction pathway 
to COs is favored (Table IIT), the percentage 
inhibition in this direction, when the supply 
of acetyl-CoA is decreased, might well be less 
than the percentage inhibition in less favored 
pathway toward cholesterol and fatty acid 
synthesis. 

Under 2) above are included key reactions 
of acetylation of oxalacetate to form citrate 
and acetylation of acetyl-CoA to form aceto- 
acetyl-CoA. A differential inhibition of these 
2 acetylation reactions would account for the 
observation that COs formation was inhibited 
less than incorporation into lipids. Inhibition 
of acetoacetate formation by ethylthioacetate 
and benzoate has been demonstrated by Avi- 
gan, Quastel, and Scholefield(17). They 
showed that these compounds probably exert 
their inhibitory effects as CoA derivatives. 
In a similar manner alpha-phenylbutyrate may 
inhibit only after formation of an acyl-CoA 
complex. 

Whether in vitro inhibition of cholesterol 
synthesis from acetate described here repre- 
sents the mechanism for im vivo effects on 


On 


serum cholesterol levels reported by Cottet 
et al.(1-3) is not indicated by these studies 
and is the subject of further investigation. 


The activity in our system of the drug po- 
tentiators studied by Brodie e¢ al. is provoca- 
tive. While the compounds may be acting in 
different ways in the 2 systems, further studies 
are called for to determine whether the mani- 
fold effects on drug metabolism may be medi- 
ated through effects related to the effects of 
alpha-phenylbutyrate on acetate metabolism. 


Summary. 1) Alpha-phenyl-n-butyrate at 
1 x 10% M has been shown to decrease rate of 
incorporation of acetate-1-C™ into cholesterol 
and into fatty acids by rat liver slices. 2) 
Incorporation of acetate into aceto-acetate is 
inhibited about the same extent, while oxida- 
tion to COs is generally less strongly inhibited. 
3) Endogenous oxygen consumption can pro- 
ceed relatively unimpaired in the presence of 
1 x 10% M alpha-phenylbutyrate. 4) Several 
compounds structurally related to alpha-phe- 
nylbutyrate are also demonstrated to inhibit 
acetate incorporation into lipids. 5) The pos- 
sible relation between present observations on 
inhibition of lipid synthesis and studies of 
Brodie et al.(14) on drug potentiators is dis- 
cussed. 
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A Method for Quantitating Flexibility Changes of Pelvic Joints in Rats 


and Mice.* 


E. S. CRELIN. 


(21993) 


(Introduced by W. U. Gardner.) 


From the Department of Anatomy, Yale University School of Medicine, New Haven, Conn. 


An increase in flexibility of the pelvic joints 
in mice occurs during pregnancy and follow- 
ing appropriate hormonal treatment(1-3). 
This increase was determined by manual man- 
ipulation of the pelvis. A more reliable meth- 
od, suitable for both the mouse and rat, was 
devised to measure small differences which 
can be statistically analyzed. 


Materials and methods. To quantitate 
changes in flexibility of the sacroiliac joints 
the animal is sacrificed, skinned, its body di- 
vided at the level of the iliac crests, and the 
tail severed at the 3rd caudal vertebra. The 
muscles, which arise in part from the dorsal 
aspect of the sacrum and Ist caudal vertebra 
to insert on the extremities, are severed at 
their origins and reflected laterally. The ex- 
tremities and pelvic viscera are then removed. 
All of the musculature attached to the in- 
nominate bones is severed close to the bone, 
except the iliac origins of the sacrospinalis, 
the iliococcygei (abductor caudae internus), 
and the pubococcygei (abductor caudae ex- 
ternus; Fig. 1, PC) which are left intact. 
(Careless removal of the iliac origin of the 
sacrospinalis might damage the dorsal liga- 
ments of the sacroiliac joint (Fig. 1, SI): the 
latter 2 muscles hold the ischial tuberosities in 
a convenient position for making subsequent 
measurements. Preliminary tests showed that 


* Aided by grants from the U. S. Public Health 
Service (RG-4433) and the James Hudson Brown 
Memorial Fund of the Yale University School of 
Medicine, 


the weight used to flex the sacroiliac joint 
produced maximum flexion whether or not 
these muscles were present.) A straight dis- 
secting needle is inserted into the neural canal 
as far as it can go under moderate pressure 
(Fig. 1, C). The free end of the needle is 
slipped into an adjustable clamp which holds 
the specimen in a horizontal position 2 inches 
from a transparent plastic protractor (Fig. 1, 
B, J, M). The specimen’s position is adjusted 
so that the zero line of the protractor is 
aligned with the dorsal-most portion of the 
left iliac crest and ischial tuberosity (Fig. 1, 
F’). To assure constant, correct alignment 
the positioning of the specimen is performed 
while viewing it through a hole (4 mm in 
diameter) in the center of an opaque rec- 
tangle (3 x 5 inches) placed 5 inches from the 
protractor (Fig. 1, A, L). A 50 g weight suf- 
ficient to produce a 3°-5° displacement of the 
ischial tuberosity in normal rats or a 2 g 
weight sufficient to produce a 1° displacement 
in normal mice is suspended from the symph- 
ysis pubis (Fig. 1, K). A raising of the pro- 
tractor to realign the zero line with the dorsal- 
most portion of the iliac crest is necessary at 
this time because the crest is slightly elevated 
as the ischial tuberosity is lowered by the 
weight. While viewed through the hole in the 
rectangle a movable transparent plastic arm 
attached to the protractor is lowered by the 
observer's finger so that a black line running 
through the length of the arm aligns with 
the dorsal-most portion of the now displaced 
ischial tuberosity (Fig. 1, I, G’). Displace- 
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FIG. 1, Diagram of apparatus used for quantitating flexibility changes of pelvic joints in rats 
and mice. Relative dimensions of rat’s pelvis are shown. 


ment was measured in degrees at 30 seconds (interpubic synchrondrosis in the rat) the 
after the weight was applied by recording the innominate bones are separated from the ver- 
position of the line of the arm in relation to  tebral column by transecting the ilia close to 
the degree markings on the protractor. the acetabula. The left ischium is placed in 

To quantitate changes in flexibility of the an adjustable clamp which holds the innom- 
symphysis pubis of the mouse (Fig. 1, SP)  inates in a horizontal position (Figs. 1, E; 2). 


FIG. 2. Photograph of apparatus being used to quantitate flexibility of a rat’s interpubie syn- 
chrondrosis. 
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Each ischial tuberosity is 2 inches from the 
protractor. While viewed through the hole in 
the rectangle the zero line of the protractor 
is aligned with the dorsal-most portions of 
both ischial tuberosities (Fig. 1, F). A weight 
sufficient to produce a 1° displacement in nor- 
mal animals (1 g for rat, 0.1 g for mouse) is 
suspended from the right ischium midway be- 
tween the tuberosity and the acetabulum (Fig. 
1, H). Fifteen seconds from the time the 
weight was applied the amount of displace- 
ment of the right ischial tuberosity is recorded 
using the arm attached to the protractor in 
the same manner as described for determining 
sacroiliac joint flexibility (Fig. 1, G). Once 
adept, one can perform the entire procedure 
in less than 10 minutes from the time the 
animal is sacrificed. 
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Detailed reports in which this method was 
used to quantitate changes in pelvic joint 
flexibility in the rat and mouse during preg- 
nancy and following estrogen and relaxin 
treatment are forthcoming. 


Summary. A method was devised for meas- 
uring small differences in pelvic joint flexibil- 
ity in rats and mice. The procedure in which 
weights are used to produce joint flexion and 
a protractor to measure the amount of flexion 
in degrees is described. 


1. Gardner, W. U., Am. J. Anat., 1936, v59, 459. 

2. Crelin, E. S., zbid., 1954, v95, 47. 

By. , Proc. Soc. Exp. Brox. anp Mep., 1954, 
v86, 22. 
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Response of Mice to Standard Infecting Doses of Mycobacterium tubercu- 


losis var. hominis.* 


(21994) 


Guy P. YouMANS AND ANNE S. YOUMANS. 
From the Department of Bacteriology, Northwestern University Medical School, Chicago, IIl. 


We described(1) a procedure which could 
be used to determine the effectiveness of 
chemotherapeutic agents for the suppression 
of an experimental tuberculous infection of 
mice. Data available at that time indicated 
that the method was highly reproducible. 
This method now has been applied to the in 
vivo assessment of chemotherapeutic activity 
for a period of 5 years. Not only has the 
original estimation of the reliability of the 
method for this purpose been confirmed, but, 
in addition, data has been collected during 
this period which is of importance in regard 
to the response of untreated normal mice to 
tuberculous infection. One to 6 groups of un- 
treated normal mice have been infected almost 
every month during this period. The nature 
of the response of these untreated control mice 
to inoculation with a standard infecting dose 
of M. tuberculosis var. hominis H37Rv will 
be the subject of the present communication. 


* This study was aided in part by a grant from 
Parke, Davis & Co., Detroit, Mich. 


Method. Since the standardized mouse in- 
fection procedure has already been described 
in detail(1) it will suffice here to state that 
‘Strong A” strain mice weighing between 18 
and 22 g were maintained and housed under 
standard conditions and infected intraven- 
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KIG. 1. Distribution of deaths of mice infected 


with 1.0 mg of H37Rv strain of M. tuberculosis 
var. hominis. 
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TABLE I. Median Survival Times of Groups of Strong A Strain Mice Injected Intravenously 
with 1.0 mg of the H37Ry Strain of M. tuberculosis var. hominis. 
————==—====[=——[—[T—[—[_—>_—[_—>—_>——eEeEx~x~_—_——————— 


Month —, Yearly 
Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dee. means 
1950 12.5 13.5 15.0 15.0 14.0 13.0 13.0 13.0 13.5 13.57 
13.0 14.5 16.0 14.0 14.0 13.5 12.5 11,5 
14.0 14.0 13.5 11.5 
15.0 12.5 
1951 12.5 12.0 14°5 15.5 105) 14.5 15.0 12.5 14.5 512.5 14.0 13.53 
14.0 12.5 TAO 3 -oeade 16.0 15.0 14.0 12.5 
14.0 11.0 GK) AAO alee) ales) 
13.5 14.5 13.0 
15.5 
1952 WED Ale 0) EO IO ao) aineay IB GES) Ze y = IIB alse) SG is 13.11 
Imes) alesy eile hiss alesse sys abe iss Oe) ay SIE ea lO): 
TALORIS One Onl 2:0. glo ea disib TOs) lity; ay aN 55 
13.0 14.5 15.0 13.0 14.0 12.5 13.5 14.5 
12.0 13.5 13.5 
1953 9205130 eel 425) 225 ele S00 L225) 13.0) 13rb0 a1 3:0 le 12.70 
HUIURS) 3bZE sy 3 LR) ae ali bys) abe) 13.0 14.0 14.5 13.5 
14.0 12.0 i As a Ee: 5 A 3) 12.5 12.0 12.0 
12.0 12.5 13.0 12.0 12.5 11.5 14.5 12.5 
13.5 15.0 11.5 
10.0 
1954 1S tOn As el 4202 O40 5.0) 3.5 L208 13305 203.5, 310 eke: 13.47 
14.0 13.5 13.0 12.0 13.5 12.5 10.5.138.5 12,0 14.0 12.5 
13.5 12.5 13.5 14.0 AV 12.55 110" 4b 14tS < o120 
15.0 19.5 14.0 
12.0 14.0 
Monthly 14:0 13.10 13.21 13.40 13.21 12.53 12.88 13.05 13.13 13.43 13.11 13.25 
means 


ously with 1.0 mg wet weight of the virulent 
H37Rv strain of Mycobacterium tuberculosis 
var. hominis. Following inoculation a record 
was made of the time of death in days of each 
mouse. Each mouse was autopsied shortly 
after death in order to confirm that death 
was due to tuberculosis. The cumulative per- 
cent of mice dead was plotted against time of 
death on logarithmic probability paper, the 
median survival time estimated and the 95% 
confidence limits calculated using the method 
of Litchfield (2). 

Results. Fig. 1 shows the distribution of 
deaths of 2,123 of the 2,173 untreated normal 
mice contained in the 180 groups which were 
infected over the 5-year period 1950 through 
1954. The mean survival time of the mice 
shown in Fig. 1 was 13.84 + 3.16 days. 
Fig. 1 does not include 4 mice which died at 
the time of inoculation; 37 mice which were 
accidentally killed, and 9 mice which lived 
more than 30 days. Inclusion of the 9 mice 
which lived longer than 30 days gives a mean 
survival time of 14.02 + 4.56 days. 


Table I shows the distribution of median 
survival times of the 180 groups of mice ac- 
cording to both year and month for the years 
1950 to 1954 inclusive. The yearly means of 
the median survival times varied between 
12.70 and 13.57 days. Analysis of variance 
showed that statistically these yearly means 
did not differ significantly. The means of the 
monthly median survival times varied be- 
tween 12.53 and 14.0 days. Again, analysis 
of variance revealed that statistically these 
means did not differ significantly. 

Discussion. The preceding data clearly 
show that with standardization of technic and 
by the use of a strain of Mycobacterium tu- 
berculosis var. hominis maintained at constant 
virulence(3) the response of an inbred strain 
of mice to tuberculous infection can be re- 
markably uniform. The demonstration of 
such uniformity of response and the definition 
of the conditions necessary to produce it are 
highly desirable preliminaries to attempts to 
measure, on the one hand, the degree of nat- 
ural or acquired immunity to tuberculosis or, 
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groups of mice injected with 1.0 mg of H37Rv 
strain of M. tuberculosis var. hominis. 


on the other, the virulence of strains of Mvyco- 
bacteria. 

The data also offer no support for the oc- 
currence of any yearly or seasonal variation in 
the resistance of this strain of mice to tuber- 
culous infection. This might in part be a 
reflection of the fact that these mice were 
housed in an air conditioned animal room and 
were therefore not subjected to extreme varia- 
tions in temperature. However, this room 


Hypothalamic Lesions in Goldthioglucose Injected Mice.* 


GOLDTHIOGLUCOSE OBESITY 


faces south and during the summer tempera- 
tures in this room ranging between 90° and 
95°F have been recorded. The observed ex- 
treme temperatures in this room have been ap- 
proximately 65°F in the winter and approxi- 
mately 95°F in the summer. 


Summary. 1. Over a 5-year period, 1950 
through 1954, one to 6 groups per month of 
10 to 30 mice each were infected intravenously 
with a 1 mg inoculum of the H37Rv strain of 
Mycobacterium tuberculosis var. hominis. 
2. The median survival times of 177 (98.3%) 
of the 180 groups infected during this period 
fell between the 10th and 16th day inclusive. 
Statistical analyses revealed that there was no 
significant difference between the yearly 
means of the median survival times nor was 
there significant difference between the 
monthly means of the median survival times. 


1. Youmans, G. P., and Youmans, A. S., Am. Rev. 
Tuberc., 1951, v64, 541. 

2. Litchfield, J. T., Jr.. J. Pharmacol. and Exp. 
Therap., 1949, v97, 399, 

3. Youmans, G. P., Annals N. Y. Acad. Sci., 1949. 
, 662. 
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(21995) 


Norman B. MarsHatt,! Russet, J. BARRNETT, AND JEAN MAYER. 
(Introduced by F. J. Stare.) 


From the Department of Nutrition, Harvard School of Public Health, and Departments of Physiology 
and Anatomy, Harvard Medical School, Boston, Mass. 


Recent investigations have demonstrated 
the essential similarity of goldthioglucose 
obesity and hypothalamic obesity in mice(1- 
3). This in turn led to the re-examination of 
the possibility that hypothalamic lesions may 
be involved in the mechanism of action of 


* Supported in part by Grant No. A-49, National 
Institute of Arthritis and Metabolism, National Insti- 
tutes of Health, Bethesda, Md.; Sugar Research 
Foundation, N. Y.; Kellogg Co., Battle Creek, Mich.; 
and Nutrition Foundation, N. Y. 

+ Life Insurance Medical Research Fund Predoc- 
toral Fellow. 


goldthioglucose despite the fact that other 
investigators(4,5) did not succeed in demon- 
strating such lesions. Since the possibility 
existed that through a process of reabsorption 
and repair, any damage to the central nervous 
system may be at least in part obscured in 
the obese animal during the period required 
for the obesity to develop, it was decided to 
examine injected animals shortly after gold- 
thioglucose administration. Goldthiomalate, 
though similar to goldthioglucose in gold con- 
tent, molecular weight and toxicity does not 
produce obesity(6), consequently it was de- 
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PLATE L:- Photomicrographs (X65) 

taken of hematoxylin and _ eosin 

stained sections through tuberal or 

infundibular region of the hypothal- 

amus showing the same area in 3 dif- 
ferent animals. 


FIG. 1. Seetion through hypothala- 
mus of a  goldthiomalate treated 
mouse, indicating a normal hypothal- 
amic¢ nuclear configuration and con- 
taining a normal number of neurons. 
Photomicrograph is labeled to indi- 
zate normal landmarks and _ nuelei 
seen in this region of the hypothala- 
mus: dm, dorsomedial nucleus; f, for- 
nix; p, periventricular region; vy, 
third ventricle; vm, ventromedian nu- 
cleus; lat, lateral hypothalamic area; 
are, arcuate nucleus; me, median em- 
inenee, 


PIG. 2° Same area as in Fig. 1 of 
hypothalamus of mouse three days 
after the administration of goldthio- 
glucose. Note marked loss of neurons 
and presence of pyknotie cells in ven- 
tral part otf hypothalamus. Normal 
hypothalamic nuclear pattern has been 
lost. Arrows on right side of photo- 
micrograph point to punctate hem- 
orrhages. Arrow on left poimts to line 
of demarkation between area of 
edema (ventral) and normal tissne 
(dorsal). 


FIG. 3. Section of hypothalamus of 
obese mouse three months after the 
administration of  goldthioglucose. 
Compare with Fig. 1 and 2. This sec- 
tion is slightly posterior to Fig. 1 
(more ventral position of fornix (f)). 
Although there is no evidence of 
edema as in Fig. 2, there is an ob- 
vious decrease in the number of cells. 
The ventromedial nucleus (vm) can 
barely be made out as a diserete nu- 
clear mass. The tissue forming the 
median eminence (bottom) has been 
destroyed. 
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cided to use goldthiomalate injected animals 
as controls. 


Materials and methods. All the animals 
used were female Swiss mice averaging in age 
from 4 to 6 months. Out of 100 or more ani- 
mals of each type, the following representa- 
tive animals were examined: 6 uninjected 
control mice, 7 mice injected with goldthio- 
glucose 24 to 72 hours prior to autopsy, 5 
mice which had become obese as a result of 
goldthioglucose treatment, 4 mice which 
failed to become obese after being injected 
with goldthioglucose at least 3 months prior to 
autopsy, and finally 5 mice injected with 
goldthiomalate 24 to 72 hours prior to autop- 
sy. The non-obese mice weighed 25 to 35 g; 
the obese mice weighed 45 to 65 g. Each of 
the treated mice was injected with 1 mg/g of 
body weight of the appropriate gold com- 
pound. This dosage represents a 50% lethal 
dose(6). Each brain was carefully dissected 
free of its bony enclosures and fixed for 24 
hours in 10% neutral formalin. The overly- 
ing thalamus, subthalamus, and cerebral cor- 
tex were not trimmed and were used for con- 
trol neural tissue in each specimen. The blocks 
of brain were dehydrated in a routine manner, 
embedded in paraffin and serial sectioned at 
10 mu throughout the entire block. The sec- 
tions were stained with hematoxylin and eosin 
and examined. 


Results. Hypothalami of the goldthioglu- 
cose injected animals showed remarkable le- 
sions within one to 3 days generally consisting 
of diffuse and punctate hemorrhages, wide- 
spread and marked edema involving more 
neural tissue than the hemorrhagic areas and 
pyknosis and degeneration of nerve cells 
throughout areas of edema and hemorrhage 
(Fig. 2, 4, 5, 7). The ventral portion of the 
third ventricle, especially the infundibular 
recess, also showed changes in that it was 
frequently engorged with blood and the lining 
ependymal cells were sometimes pyknotic and 
disrupted (Fig. 2, 4, 7). Although the ana- 
tomical extent and severity of the hypothala- 
mic damage varied from animal to animal, it 
was clear in all cases that at least the ventral 
portion of the hypothalamus was involved. In 
the most severe instances, there was marked 
destruction of tissue at the base of the brain 
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between the optic chiasm and the mamillary 
bodies, so that the neural tissue lying ventral 
and lateral to the third ventricle was frag- 
mented and necrosed. In these specimens the 
usual landmarks in the ventral hypothalamus 
such as the supra-optic nucleus, ventromedial 
nucleus, median eminence, arcuate nucleus, 
and the lateral hypothalamic area were com- 
pletely destroyed. In the less severe cases, 
the hypothalamic tissue at the base of the 
brain was intact, and the hypothalamic nuclei 
recognizable as clumps of cells, but the neu- 
rones in this area showed the signs of damage, 
and the parenchyma was edematous and hem- 
orrhagic (Fig. 2, 4). 

The limits of this edemous hypothalamic 
tissue were in all cases sharply demarkated 
(Fig. 2, 4, 5, 7). Dorsal to the edematous 
area, the neurones appeared normal. There 
was an abrupt transition from the normal 
tissue to the less eosinophilic edematous tissue 
that contained damaged neurones. The punc- 
tate and diffuse hemorrhagic areas were nearly 
always found within the edematous regions. 
They were most frequently found in the 
neural tissue adjacent to the ventral portion 
of the third ventricle and in the lateral hypo- 
thalamic area (Fig. 2, 4, 7). 

Anteriorly, at the level of the optic chiasm, 
the damage appeared restricted to the most 
ventral nuclei adjacent to the chiasm. A bit 
posteriorly, the damage was more extensive, 
reaching more dorsally, so that in several 
specimens the paraventricular nucleus was 
involved, but at the same level, the laterally 
placed fornix was unaffected in all specimens. 
The supra-optic nucleus, the suprachiasmatic 
nucleus, and the ventral parts of the anterior 
and lateral hypothalamic areas were damaged 
in all specimens. 


In the middle hypothalamic region (in- 
fundibular), the most extensive and severe 
damage was found. The ventromedial nucleus, 
the ventral part of the lateral hypothalamic 
area, the arcuate nucleus, and the median 
eminence were always destroyed (Fig. 2, 4, 5, 
7). In 3 animals the dorsomedial nucleus and 
the perfornical area were also involved (Fig. 
3, 5), but in no cases were regions lateral or 
dorsal to these damaged. In the posterior hy- 
pothalamus, only the mammillary bodies and 
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PLATE II: Photomicrographs (X65) taken of hematoxylin and eosin stained sections through 


tuberal or infundibular region of hypothalamus showing the same area in 4 different mice. 
Fig. 4, 5, and 7 were goldthioglucose treated. Fig. 6 was goldthiomalate treated. Im Fig. 4, 5, 
and 7 note paucity of neurons in ventral hypothalamus, the pyknotie cell in edematous regions, 
and in Fig. 4 and 7, the widespread hemorrhages. In each figure position of the ventricle (v), 
yentromedial nucleus (vm), and fornix (f) is labeled. Arrows point to line of demarkation be- 


tween destroyed (ventral) and normal (dorsal) regions. 


the lateral area showed damage; the Fields of 
Forel and the cerebral peduncle outside the 
hypothalamus appeared normal. 

Some inflammatory cells (polymorphonu- 
clear leukocytes and lymphocytes) were 
present in the damaged areas, but their num- 
ber was not great. Neurophagia and glial 
proliferations were observed, but these were 
scanty. In fact the large loss of neurons could 
not be accounted for in the 3 days after gold- 
thioglucose administration by the amount of 


neurophagia observed. Presumably some of 
the neurons were lost by disruption and dis- 
solution. There were no other areas of hem- 
orrhage, cellular degeneration, and edema in 
the remaining parts of the brain overlying the 
hypothalamus. 

The only lesion found in the brains of obese 
mice successfully injected with goldthioglu- 
cose at least 3 months prior to investigation 
was a paucity of neurons in the hypothalamus 
especially the ventral portion. This finding is 
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clearly demonstrable by a comparison of Fig. 
1 and 3. The extent of the loss of neurons 
and replacement of glia was variable in the 
specimens examined. In one case this resulted 
in loss of discrete hypothalamic nuclear pat- 
tern which can be seen in the normal mice. 
In other specimens the nuclei could be recog- 
nized as clumps of cells, but they contained 
fewer neurons (Fig. 3). 

Sections of the brain of animals given gold- 
thiomalate showed nothing of the character- 
istic damage found in Swiss mice given gold- 
thioglucose. In fact, as concerns the hypo- 
thalamus in particular, there were no differ- 
ences from those of uninjected control mice. 
However, 2 of these animals had hemorrhages 
in the lateral ventricles, especially the frontal 
poles. 

Examination of sections of brain of mice 
injected with goldthioglucose at least 3 
months prior to autopsy and which failed to 
become obese revealed no distinct abnormal- 
ity. The hypothalamic nuclei appeared dis- 
tinct, and the number of neurons appeared 
within normal limits, though in some there 
seemed to be fewer neurons in a strip of 
hypothalamus lying ventral to the third ven- 
tricle. 

The evidence presented here seems to sup- 
port the conclusion that goldthioglucose pro- 
duces obesity through causing hypothalamic 
lesions, always involving the ventromedial nu- 
clei. Damage to the ventromedial nuclei has 
been shown to be essential to the production 
of obesity in rats(7) and mice(2). It is re- 
markable that, even though the hypothalamic 
area involved is often very large, only hyper- 
phagia appears to result. The inactivity shown 
by hypothalamic mice(2) is not present in 
goldthioglucose obesity(6). Goldthioglucose 
obese mice do not show gonadal atrophy by 
weight(8). 

Discussion. It would appear that the 
presence of the glucose component in the 
molecule makes this limited hypothalamic 
portion of the brain barrier much more per- 
meable to this compound than to compounds 


* of Dr. Charles DeWan. 
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not containing glucose. The hypothalamic 
area containing the feeding centers has been 
previously postulated to contain “glucorecep- 
tors’(7). Larsson has since shown that this 
feeding center area effectively concentrates 
radioglucose with the receptivity apparently 
characteristic of the area rather than of dis- 
crete units(9). The results here would sup- 
port the idea that the ventromedial feeding 
center area is a ‘“glucoreceptive” area, in the 
sense postulated in the glucostatic theory of 
the regulation of food intake. 

Summary. Goldthioglucose injections, in 
the dose which produces obesity in mice, 
cause in these animals extensive hypothalamic 
damage involving the ventromedial nuclei. 
Such lesions are permanent in animals which 
in fact become obese, but are not apparent in 
animals unsuccessfully injected. Goldthiomal- 
ate, though as toxic as goldthioglucose, does 
not cause obesity; its injection does not lead 
to hypothalamic lesions. Implications of these 
findings as regards the mechanism of the 
regulation of food intake are discussed. 


The authors gratefully acknowledge the assistance 
The goldthioglucose used in 
these studies as well as in previous studies was 
obtained through the courtesy of Dr. Edward Hend- 
erson and the Schering Corp., Bloomfield, N. J. 
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Prevention of Cobalt-Induced Polycythemia in Rats by Ealcium Ethylene 


Diamine Tetra Acetic Acid. 


James T. Post. 


(21996) 


(Introduced by Miriam E. Simpson.) 


From Department of Anatomy, University of California, Berkeley. 


Polycythemia results from oral or paren- 
teral administration of cobalt(1-5). It is 
known that this hematopoietic action of co- 
balt can be prevented by simultaneous feed- 
ing of sodium salt of ethylene diamine tetra 
acetic acid(6,7) and it is probable that under 
these circumstances cobalt is chelated in the 
gastro-intestinal tract preventing its absorp- 
tion. As EDTA administered either as 
sodium or calcium salt rapidly combines with 
cobalt to form non-ionizable complexes, it is 
believed that administration of either of these 
compounds by the same route as cobalt does 
not effectively measure prevention of a poly- 
cythemic response to cobalt(8,9). It was of 
interest in this study to determine if EDTA 
administered as calcium salt prevents produc- 
tion of polycythemia when administered by a 
different parenteral route than cobalt. 

Materials and methods. Six normal female 
rats of the Long-Evans strain, weighing 225 
to 270 g, received daily intraperitoneal injec- 
tions of 0.5 ml of a 1% saline solution con- 
taining 0.125 mg of cobalt as cobaltous sul- 
fate. The injected solution also contained 
0.200 mg of iron as ferric chloride to prevent 
iron shortage due to increased synthesis of 
hemoglobin under the influence of cobalt(10). 
Another group of 6 rats received daily 50.0 
mg of CaEDTA subcutaneously in addition to 
the intraperitoneally administered cobaltous 
sulfate and ferric chloride. Red cell counts, 


hemoglobin, and hematocrit determinations 
were made after 34 days, and injections were 
continued for a total of 74 days, at which time 
red cell volumes were also determined. Six 
rats were retained without treatment to serve 
as controls. Blood samples were withdrawn 
under ether anesthesia from the external jugu- 
lar vein into heparinized syringes. Hemo- 
globin concentrations were determined by the 
Turner method(11). Hematocrits were de- 
termined by Van Allen or Wintrobe tubes 
after centrifugation at 3,000 r.p.m. for 30 
minutes. Blood volumes were determined by 
the Fe°’-labeled red cell method(12). 

Results. Rats receiving cobalt showed sig- 
nificant increases in red cell count, hematocrit. 
hemoglobin, and total red cell volume, where- 
as no increase was found in rats injected with 
both cobalt and CaEDTA (Table J). 

This experiment confirms the effectiveness 
of the amounts of cobalt and iron previously 
reported as capable of producing polycy- 
themia in the rat(13). CaEDTA even when 
administered by a different parenteral route 
than cobalt still prevented the development 
of polycythemia by the cobalt. 

Preliminary experiments, in which radioac- 
tive cobalt (Co®) was used to determine the 
rate of excretion, showed that cobalt was ex- 
creted at a more rapid rate when CaEDTA 
was administered simultaneously. 

Summary. Cobalt injected intraperiton- 


TABLE I. Haematological Data in Rats Injected with Cobalt, Alone or in Combination with 
CaEDTA. Six rats in each series. 


Hemoglobin, 


Days Body Hemoglobin, 2g/100 g 
Treatment inj. wt,g  g/100 ml body wt 
Cobalt 0 252 ae — 
34 250 16.9 32-8 —- 
74 278 16.0 + .5 Bol + .033 
Cobalt + 0 248 — = 
CaEDTA 34 258 Wena seal =a 
74 273 1B.Oe eo 632 + .018 
Control 34 225 15.0 + .J — 
74 276 13.0 =". 592 + .02 


Red blood cell 

Hematocrit, Red blood cells — vol/100 g 

% * 10°/mm* body wt, ml 

—_— 7.6 + .3 a 
64.3 + 4.9 10.7 + .6 = 
63.0 + 4.1 _ 3.25 + .20 

—— Ag sev — 
47.6 + 1.7 8.2 + .4 — 
50.0 + 1.6 — 2.27 + .09 
48.8 + .8 8.44 .4 — 
48.0 + 1.1 — + .09 
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eally into rats receiving calcium ethylene di- , 


amine tetra acetic acid subcutaneously did not 
produce the usual polycythemic response. 


The author expresses his appreciation to A. N. 
Contopoulos of the Institute of Experimental Biology 
for advice and assistance. 
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The goal of our cardiac research efforts has 
been the development of simple, safe, and 
effective technics for direct vision intracardiac 
surgical procedures. The demonstration that 
total cardiac by-pass with right ventricular 
cardiotomy and septal suture can be success- 
fully performed even in seriously ill patients 
by utilizing controlled .cross circulation (1-4) 
doubtless will stimulate further rapid develop- 
ments in this field. 

This experimental study has been carried 
out on dogs to evaluate a method of substitut- 
ing arterial and venous reservoirs of blood for 
the donor in the cross circulation set-up. By 
such a plan, it would be possible to perform 
intracardiac operations in a dry heart without 
the need of a donor in the operating room. 
Such a scheme immediately poses problems of 
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Life Insurance Medical Research Foundation; Na- 
tional Heart Institute, and Minn. 
Fund. 
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procurement and storage of blood to supply 
the arterial reservoir. In this present experi- 
mental study intended to develop a feasible 
technic for total cardiac by-pass utilizing the 
reservoir method of perfusion, the arterial 
blood was obtained prior to the intended per- 
fusion from a donor used as an oxygenator 
entirely independent of the perfusion set-up. 
The use of arterialized venous blood to supply 
the arterial reservoir has been described else- 
where(5). 


Method. Collection. Ordinary 1,000 cc 
plasma vacS bottles were used as reservoirs. 
These containers were readied for use by in- 
stilling in each 100 cc 5% dextrose and water 
solution containing heparin (25 to 32 mg) and 
at the same time exhausting the vacuum com- 
pletely. Arterial blood was collected into these 
bottles (while in the inverted position) by 
gravity using a commercially available plastic 
collection set’ connected to a plastic cannula! 
§ Baxter Laboratories, Morton Grove, Ill. 


|| Pharmaseal Nasal Oxygen Catheters, Glendale, 
Calif. 
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FIG. 1. Arterial reservoir perfusion. A. Arterial reservoir showing bottles of arterial blood 
(1 & 2), blood filter (3), and arterial pump (4). B. Venous portion of perfusion circuit with 
venous pump (1) and bottles (2 & 3) for collection of venous blood withdrawn from the pa- 
tient’s caval system. C. Recipient’s relationship to the system is depicted in center of diagram 
and site of cannulations of right carotid artery and jugular vein are shown. Arterial cannula 
is inserted 3-4 em down the carotid artery and ligated in place. Venous cannula with holes at 
tip and along shaft (the distance between these 2 sets of holes is determined by the space be- 
tween the vena caval occluding tapes of the animal concerned) is passed down the jugular vein 
into the venae cavae until the holes are in the proper relation to the occluding tapes as indi- 
cated in D. At top center is pumping assembly which consists of separate pumps at each end 
driven by a single motor (center) and separate speed changers which are interposed between 
the motor and each pump head. 
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that had been placed in the donor’s femoral 
artery. This cannulation in the donor animal 
was ordinarily done under pentothal sodium 
anesthesia or curare paralysis to permit endo- 
tracheal intubation for artificial respiration 
with 100% oxygen during the period of col- 
lection. However, in an occasional trained or 
cooperative animal cannulation was possible 
with only local procaine anesthesia. Syn- 
chronously with the withdrawal of arterial 
blood from the donor animal stored venous 
blood was infused into the donor’s femoral 
vein by means of a cannula similar to that in 
the artery. To avoid any undesirable altera- 
tions in the donor’s blood volume this venous 


infusion was maintained at a rate equal to the 
removal of arterial blood. The quantity of 
arterial blood withdrawn from the donor ani- 
mal was dictated by the desired rate and dura- 
tion of perfusion and usually ranged between 
2000 to 3500 cc. After collection, the arterial 
blood was ordinarily placed in a water bath 
maintained at 39°C where it remained until 
needed for the perfusion. However, when 
there was to be a longer time interval between 
collection and perfusion the blood was kept 
refrigerated (at 4°C). In such instances it 
was rewarmed to 39°C before it was used for 
perfusion. Operative method. Mongrel dogs 
weighing from 4.4 to 11.5 kg were used as re- 
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cipient animals. All were premedicated with 
morphine 3-4 mg/kg of body weight and 
atropine gr. 1-100, and then anesthetized with 
2'%4% solution of pentothal sodium injected 
intravenously. Endotracheal tubes were in- 
serted, and except for the period of perfusion 
the animals were artificially respired through- 
out the operative procedure. Details of the 
methods of arterial and venous cannulations, 
vena cava occlusion, connections to the pump‘ 
are depicted in Fig. 1 and were identical in 
every respect to those of the recipient animals 
in the cross circulation study group reported 
in detail elsewhere(1). The rates of perfusion 
were calculated on the basis of the reduced 
flow principle(6) and ranged between 25 to 
30 cc/kg of recipient body weight/min. The 
length of perfusion was arbitrarily set at 20 
minutes, during which time total cardiac and 
pulmonary by-pass was in effect. Reservoir 
perfusion (Fig. 1). As indicated above, the 
patient’s (or recipient’s) relationship to the 
extracorporeal circuit (C & D) is unchanged 
from that employed for cross circulation. The 
donor, on the other hand, has been replaced 
by containers of arterial blood (A 1 & 2) and 
empty venous receptacles (B 2 & 3) respec- 
tively. The 2 bottles of arterial blood were 
connected by means of a Y to a blood filter 
(A3) similar to those used for infusions of 
blood on the hospital wards. Blood was al- 
lowed to fill the filter system with the latter 
inverted so that all air was displaced from 
the chamber. The outflow of the filter cham- 
ber was then connected to the plastic tubing 
leading to the arterial pump (A4). After 
these connections were made, the pump was 
turned on for a few moments to completely 
fill the arterial circuit before the arterial out- 
flow limb of the pump was connected to the 
arterial cannula (C & D) of the recipient. 
With this done, the arterial circuit was com- 
plete and after the recipient’s caval cannula 
was connected to the tubing leading to the 
venous pump (8B) perfusion was begun. Blood 
was withdrawn from the recipient’s vena cavae 
via the cannula (C & D) connected to the 
plastic tubing by the venous pump (B1) and 
was collected into either venous receptacle 
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TABLE I. Changes in Donor Hemoglobin and 
Platelets.* 

Hemoglobin 
Control 13.6 2 % 
Final 12.8 

Platelets 
Control 512,000 
Final 365,000 


* Avg figures for 10 donors, 3000 ce arterial 
blood was withdrawn from the femoral artery of 
each synchronously with infusion of equal amount 
of venous blood into femoral vein over a 1-2 hr 
period, 


(B2 or 3). In practice the arterial pump 
drew blood from only one bottle at a time and 
was replaced by another full one so that at all 
times there was an uninterrupted perfusion. 
Similarly when the venous reservoir (B2) was 
full, the venous outflow was diverted into the 
empty reservoir (B3) and (B2) was replaced 
by another empty bottle. The output from 
each pump was preset before the perfusion at 
the rate desired. Usually for the study ani- 
mals these were set equal. However, occasion- 
ally when blood loss from a cardiotomy was 
anticipated an imbalance was intentionally 
created by reducing the venous pump rate be- 
low that of the arterial. 

Observations. A total of 34 animals was 
used in this study (17 as recipients and 17 as 
oxygenators) to evaluate and develop this 
method of reservoir perfusion. Certain phy- 
siologic determinations were made on both the 
recipient and blood donor animals in an at- 
tempt to assess the alterations imposed by the 
method. 

Hemoglobin and platelet alteration in the 
donor. Blood samples were taken from the 
donor’s femoral vein cannula for hemoglobin 
and platelet determinations just before and 
after the collection of the arterial blood. The 
changes in 10 donors are tabulated in Table I. 
In these animals 3,000 cc of arterial blood was 
withdrawn from the femoral arteries while a 
like amount of citrated dog blood was admin- 
istered into the femoral vein over a period of 
approximately one to 2 hours. The infused 
blood had been obtained from several dogs at 
sacrifice or as the by-product of a previous 
perfusion and had been stored for periods up 
to 5 days. Despite the varying quality and 
age of this infused venous blood the altera- 
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TABLE Il. Hematologic and Metabolic Changes* 
Produced in Recipient after Reservoir Perfusion 
for 20 Min. 


ai O. CO. Hgb. Platelets 

Recipient pH (vol%) (vol%) (g)  permm? 
Control Vey aaa te 

Artery 7.48 15.33 34.16 =— : 

Vein = 10.95 41.94 11.2 317428 
Minal 

EN UCTY 0.208258 30.67 = = 

Vein = RAGS 38.96 13.4 182000 


* The above are mean figures for 8 animals. The 
apparently low control arterial O, content is con- 
sistent with the avg control hemoglobin level (see 
text). 


tions noted were relatively insignificant. In 
most of the donors the hemoglobin drop was 
approximately one-third of their normal level. 

Changes in the recipients. In Table II are 
summarized the results of pH, Ov, COs, hemo- 
globin and platelet determinations made on 8 
of the recipients just before and immediately 
after reservoir perfusion during which total 
cardiac by-pass was in effect. The most pro- 
nounced effect noted was the reduction in pH 
which in this instance fell from an average 
preperfusion level of 7.48 to 7.26 immediately 
postperfusion. This acidosis was similar to 
the observations made in total cardiac by-pass 
by other methods in studies previously re- 
ported(1,7,8) and probably was also due to 
the accumulation of acid metabolites during 
the perfusion period. The blood oxygen and 
carbon dioxide content determinations showed 
very little change. On first inspection the 
average control arterial O2 content would ap- 
pear to be low. However, this figure is con- 
sistent with the low control hemoglobin levels. 
The finding of an anemia in new stock animals 
admitted to the colony has not been unusual 
especially during the winter months. The rise 
in hemoglobin and its resultant increase in ar- 
terial O» content at the end of the perfusion 
was comparable to the hemoconcentration 
noted in previous perfusion experiments(7,8). 
The average blood platelet count fell to ap- 
proximately one-half of its control level. The 
greatest drop in platelets demonstrated by any 
of the recipient animals was one-third of the 
control figure and ordinarily the recovery was 
relatively prompt so that the postoperative 
count was usually doubled by the following 
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day and was back te-its control level within 
2 to 3 days. 

There was no donor mortality in this study. 
During the early phases before the optimum 
heparin dosage had been established _post- 
operative bleeding in the recipients was a fre- 
quent complication, and 6 of the first 7 re- 
cipients succumbed to this complication. 
However, of the last 10 recipients who received 
blood collected in less heparin (25-32 mg/ 
liter) this complication has not occurred and 
8 were long term survivors. The 2 deaths 
resulted from avoidable errors; one from 
avulsion of a carotid artery during decannula- 
tion and one from pulmonary edema caused 


‘by the inadvertent rapid infusion of a large 


amount of saline in the early postoperative 
phase. 

Discussion. The results herein reported in- 
dicate that the use of the described method of 
continuous arterial perfusion from a reservoir 
of oxygenated blood is a feasible means for 
totally by-passing the heart and lungs for a 
time interval sufficient to perform intracardiac 
operations under direct vision. By the re- 
moval of the donor from the operating theater 
the treatment of patients with intracardiac 
abnormalities would be further simplified by a 
reduction in the number of personnel and the 
amount of equipment necessary. This method 
of collection of arterial blood from the donor 
with synchronous replacement by an equal 
quantity of compatible venous blood into the 
same body region would appear to be a simple 
and safe procedure for the donor associated 
with about the same risk as a conventional 
blood transfusion. If the blood is collected 
within a short time of its intended use the re- 
cipient (or patient) would appear to derive 
almost the same physiological benefits as when 
the donor is interposed directly into the extra- 
corporeal circulation. 

An obvious limiting factor inherent in this 
reservoir type of perfusion for clinical use is 
the fact that the length of the perfusion is 
limited by the amount of arterial blood col- 
lected for the reservoir. In practice several 
factors would appear to minimize this objec- 
tion. First, clinical experience has confirmed 
the safety and practicability of total body 
perfusions at normal temperature utilizing re- 
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duced flow rates (25 to 40 cc of blood/kg body 
weight/minute). Secondly, experience gained 
in the corrective surgical treatment of intra- 
cardiac defects by the use of controlled cross 
circulation has indicated that, with direct 
vision, the majority of ventricular defects re- 
quired well under 20 minutes of intracardiac 
operating time. These two factors coupled 
with the obvious fact that many of the urgent 
candidates for intracardiac operations are in- 
fants or small children make the technic herein 
described attractive for further investigation 
and clinical application. 

In the present study the donor animal was 
used as an oxygenator for the procurement of 
arterial blood with which to supply the arterial 
reservoir. It is interesting to note that there 
was a relatively small depreciation in the 
donor’s hemoglobin and platelets even though 
he “processed” a volume of blood which was 
usually greater than his total blood volume 
over a relatively short period of time. Also, 
this occurred in spite of the somewhat dubious 
quality of the stored venous blood infused into 
the donor dogs. This observation attests to 
the efficacy of the dog’s hematopoietic regen- 
erative powers and it would be reasonable to 
anticipate even less depreciation in these fac- 
tors clinically with the use of a better quality 
of bank blood for the replacement. 

Experimentally it was usually necessary to 
anesthetize the donor animal for the collection 
of arterial blood, but this would not be re- 
quired in the clinical application of the 
method. Under these conditions, the collec- 
tion could be performed via an arterial punc- 
ture of several compatible donors or from a 
single donor using local procaine infiltration of 
the puncture sites. 

Summary. 1. A simple method permitting 
total by-pass of the heart and lungs for the 
performance of intracardiac surgical opera- 
tions is described. 2. This method utilizes 
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continuous perfusion of the recipient’s (pa- 
tient’s) arterial system from a reservoir of 
oxygenated blood. An equivalent quantity of 
venous blood is removed from the recipient's 
superior and inferior cavae. 3. A pump is 
utilized to control this exchange between the 
recipient and the arterial and venous reser- 
voirs. 4. Arterial blood for the reservoir was 
obtained from a donor animal used as an oxy- 
genator independent of the perfusion system. 
This was done by collecting arterial blood 
from the donor’s femoral artery into a heparin 
glucose solution while stored venous blood was 
infused into his femoral vein at an equal rate. 
Ordinarily 2,000 to 3,500 cc of arterial blood 
was collected from a single donor dog in this 
fashion. 5. The optimum dose of heparin to 
prevent clotting in the arterial blood collected 
for this purpose was 25 to 32 mg/liter of 
blood. 6. The simplifications of the clinical 
application of this method are briefly dis- 
cussed. 
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The stimulatory influence of folic acid 
(PGA) and an inhibitory effect of aminop- 
terin on the tissue growth response to estro- 
gen in the female chick and rat was first re- 
ported by Hertz and Tullner(1). Gelfant et 
al.(2) reported that citrovorum factor (CF) 
partially reverses the inhibitory effect of 
aminopterin on estrogen induced mitoses in 
the rat uterus. Aminopterin is reported(3) 
to inhibit the urinary excretion of CF by rats 
receiving PGA. 

The present report concerns the study of 
the effect of sex hormones on the in vivo con- 
version of PGA to CF by male rats. 

Methods. Adult male rats of the Sprague- 
Dawley strain were placed individually in 
metabolism cages equipped with metal col- 
lecting funnels. Rats were maintained on 
Purina laboratory chow (Ralston Purina Co.) 
starting at the weaning stage and throughout 
the experimental period. Three separate ex- 
periments were conducted. In Exp. 1, 9 rats 
were randomized into 3 groups of 3 rats each. 
Group 1 received the Purina laboratory chow 
unsupplemented. Groups 2 and 3 received a 
daily supplement of 100 y PGA by stomach 
tube. In addition to the latter, Group 3 re- 
ceived intramuscular injections of 7.7 y estra- 
diol dipropionate in sesame oil. In Exp. 2, 19 
rats were randomized into 6 groups, 5 of 
which consisted of 3 rats each while Group 4 
comprised 4 rats. Group 1 received the basal 
diet unsupplemented. Groups 2, 3 and 4 re- 
ceived a daily supplement of 100 y PGA by 
stomach tube. In addition to PGA, Groups 3 
and 4 received daily intramuscular injections 
of 0.5 mg testosterone and 10 y estradiol di- 


propionate respectively. Groups 5 and 6 were 
controls for groups 3 and 4 and received daily 
intramuscular injections of 0.5 mg testoster- 
one and 10 y estradiol dipropionate respec- 
tively. In Exp. 3, 19 rats were randomized 
into 5 groups, 4 of which consisted of 4 rats 
each with the exception of Group 1 which had 
3 rats. Group 1 received the basal diet un- 
supplemented. Groups 2, 3, 4 and 5 received 
a daily supplement of 100 y PGA by stomach 
tube. In addition to PGA, Group 3 received 
daily intramuscular injections of 0.5 mg tes- 
tosterone, Group 4 received daily intramus- 
cular injections of 10 y estradiol dipropionate, 
while Group 5 received daily injections of 
same amounts of both the sex hormones. 
Urine collections were started 24 hours after 
the rats had been maintained on the respec- 
tive diets and were continued daily for a one 
to 2-week test period. The 24-hour urine col- 
lections from the rats of the same group were 
combined and an aliquot of the latter was fil- 
tered, neutralized and autoclaved for 30 min- 
utes at 120°C. The heated samples were 
cooled, reneutralized, diluted and assayed. 
The CF content of the urine samples was de- 
termined by using the Bacto-Cf Assay Me- 
dium (Difco Laboratories). Leuconostoc cit- 
rovorum ATCC 8081+ was used as the test or- 
ganism, and Leucovorin (Lederle) was em- 
ployed as the standard. The cultures were in- 
cubated 48 hours at 37°C and growth was 
measured by turbidimetric procedure. Since 
leucovorin has been reported to be half as ac- 
tive as the CF isolated from a horse liver (4), 
the microbiological assay values were divided 
by 2 in order to express the results in terms of 


* This work was supported in part by a grant from 
the American Cancer Society. Leucovorin (Lederle) 
and folic acid were generously supplied by Lederle 
Laboratories Division, American Cyanamid Co., Pearl 
River, N. Y. The authors are indebted to Guy R. 
Fain and E. M. Cooney for technical assistance. 


+ A recent report (Felton, E. A., and Niven, C. F., 
J. Bact., 1953, v65, 482) concerning a taxonomic 
study on the culture Leuconostoc citrovorum ATCC 
8081 suggests that the latter organism is a typical 
strain of Pediococcus cerevisiae as described earlier 
by Pederson (Bact. Rev., 1949, v13, 225). 
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TABLE I. Effect of Sex Hormones on Urinary 


Exeretion of Citrovorum Factor by Rats Receiving 
PGA. 


Urinary excre- 
tion of CF, 


No. of Supplement* my/rat/day 
Exp. rats to basal/day Istwk 2nd wk 
1 3 0 135 
3 PGA,100+ 750 
3 Idem 4+- EDP,t 7.77 1125 
2 D 0 155 
3 PGA, 100 785 
3 Idem + Test.,t .5 mg 810 
4 » + EDP, 10+ 1320 
3 Test., .5 mg 75 
3 EDP, 10 ¥ 230 
3 3 0 232 170 
4 PGA, 100 + 902 1068 
4 Idem + Test., .5 mg 1015 960 
+ ” + EDP, 10 ¥ 1320 1454 
4 " + Test.,.dmg-+ 1518 1495 


EDP, 104 


* PGA administered by stomach tube while sex 
hormones were given by intramuscular injections. 
t EDP = Estradiol dipropionate in sesame oil. 
Test. = Aqueous suspension of testosterone, 


the naturally occurring CF. At the end of 
the test period the rats from Exp. 2 were sac- 
rificed, accessory sex organs and the testis 
removed, blotted and weighed. 

Results. Administration of 100 y PGA to 
male rats receiving a practical diet increases 
4 to 6-fold the urinary excretion of CF (Table 
I). This increase is enhanced 50% by daily 
administration of 7.7 y or 10 y of estradiol 
dipropionate. On the other hand daily admin- 
istration of 0.5 mg testosterone to male rats 
receiving PGA does not increase the urinary 
excretion of CF. The stimulatory effect of 
estradiol dipropionate on the CF excretion is 
not reversed by simultaneous administration 
of testosterone. It is interesting to note that 


Sex HoRMONES AND CF EXCRETION 


rats receiving estradiol dipropionate alone 
also show a 50% increase in CF excretion. 
while the rats receiving testosterone alone 
show a 50% decrease in CF excretion. 


It is apparent from the results in Table IT 
that administration of 100 y of PGA to the 
male rats does not influence the weight of the 
accessory sex organs or the testis. Estradiol 
dipropionate alone or together with PGA 
markedly decreases the size of the accessory 
sex organs and the testis. On the other hand 
testosterone alone or in combination with 
PGA significantly increases the size of the ac- 
cessory sex organs. 


Discussion. The results presented indicate 
clearly that im vivo conversion of PGA to CF, 
as measured by the urinary excretion of CF 
after administration of PGA is enhanced by 
estradiol dipropionate but is not influenced by 
administration of testosterone. It is interest- 
ing to note that the stimulatory effect of es- 
tradiol dipropionate on CF excretion is not 
reversed by the simultaneous administration 
of testosterone. Administration of 10 y es- 
tradiol dipropionate alone gives a 50% in- 
crease in CF excretion, while the latter de- 
creases by 50% on administration of 0.5 mg 
testosterone. Estradiol dipropionate mark- 
edly decreases while testosterone increases the 
size of the accessory sex organs. Under these 
conditions supplementing of PGA does not in- 
fluence the size of the accessory sex organs. 
The administration of ascorbic acid to rats 
receiving PGA has been reported to enhance 
the urinary excretion of CF(3). Dietary 
homocysteine and cysteine enhance the urin- 
ary excretion of CF by rats receiving PGA 


TABLE II. Effect of PGA and Sex Hormones on the Accessory Sex Organs and Testis in the 
Male Rat. 


Accessory sex organst 


Final Seminal Coagulating Ventral Dorsal 

body wt, vesicle gland prostate prostate Testis 

Supplement* to basal/day g r mg/100 g — 
0 342 108 36 13) 65 444 
PGA, 100 v 361 100 45 150 6S 453 
Idem + Test., .6 mg 352 173 99 236 135 452 
tt + EDP, 10+¥ 312 45 12 23 2 357 
Test., .5 mg 354 176 75 262 153 453 
EDP, 10 + 301 ol 14 21 12 320 


“PGA administered by stomach tube while sex hormones were given by intramuseular inj. 


+ The figures denote mg of organs/100 g@ body wt. 


HYDROCORTISONE AND STAPHYLOCOCCI INFECTED Mice 2 


(5). Extensive studies on the effects of diet- 
ary factors on the CF excretion have not been 
reported. A very interesting aspect of folic 
acid deficiency in the rat is the diminished re- 
sponse to estradiol induced uterine growth(1). 
An interference with metabolism of C! la- 
beled estrone in aminopterin-treated rats is 
reported by Trunnell e¢ al.(6). 

Summary. Administration of estradiol di- 
propionate alone or together with PGA en- 
hances the urinary excretion of CF by male 
rats. Testosterone alone gives a 50% 
decrease in the CF excretion but is without 
significant effect when given in combination 
with PGA. The stimulatory effect of estradiol 
dipropionate can not be reversed by testoster- 
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one in the amounts tested. 
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The reduced natural resistance of Addi- 
sonian patients as well as of adrenalectomized 
animals is a general phenomenon not specific 
for any one type of infection or intoxication. 
Although the mechanism by which adrenal- 
ectomy influences resistance remains rela- 
tively obscure, replacement therapy with 
adrenal cortical hormones has been shown to 
be beneficial (1,2). On the other hand, adrenal 
hormones may be detrimental to host resis- 
tance(3). It has been suggested, however, 
that the beneficial effects of cortisone therapy 
are to be derived only from dosages based on 
requirement(4,5). In this regard, Robinson, 
et al.(6), have recently pointed out that the 
detrimental effect of cortisone in resistance to 
pneumococcal infection in rats is primarily 
due to overdosage with the hormone, and that 
an optimal dosage schedule of cortisone can 


* Work supported by Grant No. DA-49-007-MD- 
130, Department of the Army. 

+ The authors wish to acknowledge the technical 
assistance of Miss Martha Chamberlin in this study, 
and their indebtedness to Dr. Paul S. Nicholes for 
the use of the high frequency oscillator. 


significantly enhance the host resistance of 
either adrenalectomized or intact infected ani- 
mals. Hill, et al.(7), have described similar 
findings with systemic moniliasis in adrenal- 
ectomized mice treated with cortisone. Ger- 
muth, ef al.(8), found that cortisone-treated 
rabbits could successfully resist an intra- 
venous inoculum of Staphylococcus aureus 
which was fatal to approximately 50% of the 
untreated controls. They noted that the bac- 
teria rapidly disappeared from the blood after 
injection in either treated or untreated ani- 
mals. Kleiger and Blair(9) have described 
the acute death of experimental animals re- 
sulting from an inoculation of toxigenic 
staphylococci as an im vivo production of toxin 
by the bacteria. 

It has been observed in this laboratory, 
that a strain of staphylococci which regularly 
produced a rapidly fatal bacteremia in mice 
after intraperitoneal inoculation proved to be 
relatively innocuous if given by the intra- 
venous route. However, adrenalectomy re- 
duced resistance to an intravenous challenge 
with this microorganism by a factor of at 


254 


least 1000. This deficiency in resistance pro- 
duced by adrenalectomy is apparently not 
caused by the impairment of phagocytic or 
cidal activities of the reticulo-endothelial sys- 
tem, but rather to an increased sensitivity of 
the host to the noxious effects of the bacterial 
protoplasm. Hydrocortisone effectively pro- 
tected the adrenalectomized mice from the 
toxic effects of an intravenous challenge of 
either viable staphylococci or a bacterial ex- 
tract. 


Materials and methods. Mice:  Eight- 
weeks-old male mice (CBA) were used 
throughout this study. Bilateral adrenalec- 
tomies were performed by the dorsal approach 
18 hours before challenge. These animals 
were fed ad libitum and maintained on 0.9% 
saline as drinking water. All control mice 
were sham operated. In order to evaluate the 
biological effect of hydrocortisone, adrenalec- 
tomized mice were used to obviate interfer- 
ence from endogenous adrenal cortical secre- 
tion. Bacteria: The organism selected for this 
study was a strain of Micrococcus pyogenes 
var. aureus, which had been isolated from a 
human source. The bacterial cells were pre- 
pared for inoculation by growing them for 
18 hours on nutrient agar, and then were 
transplanted to brain-heart infusion broth for 
an additional three hours of growth. The cells 
were harvested by centrifugation and washed 
once, and then resuspended with 0.9% saline. 
The concentration of bacteria was initially 
adjusted to a standard turbidity in the Klett- 
Summerson photocolorimeter, using a 420 mu 
blue filter. This was later confirmed by plate 
counts. Plate counts: Determination of viable 
numbers of bacteria was routinely carried out 
by serial 10-fold dilution of the sample, of 
which 0.5 ml aliquots were taken for pour 
plating (nutrient agar). Three plates were 
used for each dilution per sample. The aver- 
age count was obtained after the plates had 
incubated for 18 hours at 37°C. Bacterial 
extract: Bacteria were grown in brain-heart 
infusion broth for 18 hours then sedimented 
by centrifugation and washed 3 times with 
0.85% saline. The washed preparation was 
sonerated in a Raytheon high frequency oscil- 
lator at 9.0 to 9.5 kilocycles for 4 hours at 
13°C. The opalescent material was removed 
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and centrifuged overnight in the cold. The 
supernatant was diluted to 1:5 and centri- 
fuged 3 more times to reduce the viable cell 
count to less than 4/ml. The supernatant was 
then treated with (NH,4)2SO, and the re- 
sultant precipitate dialyzed, reprecipitated 
with ethanol and finally washed with acetone 
and dried. Treatment and challenge: Hydro- 
cortisone acetate (Merck)+ was given by the 
intraperitoneal route in the standard volume 
of 0.1 ml. The hormone was prepared as a 
saline suspension and given in varying dilu- 
tions 2 hours prior to challenge. The challenge 
inocula of bacteria or bacterial extract were 
contained in volumes of 0.25 ml and intro- 
duced via the tail vein 18 hours after adrenal- 
ectomy. The LD (90% lethal dose = 86.9 
+ 3.4%) of viable bacteria for adrenalecto- 
mized mice was found to be approximately 3 
to 5 million viable cells, while the LDoo (90.2 
+ 4.1%) dosage of the bacterial extract was 
found to consist of approximately 2.5 pg of 
the dried material. 


Results. Experimental. Effect of route of 
infection on resulting bacteremia: In prelimin- 
ary work it was found that the mouse was 
much more resistant to infection with this 
microorganism by the intravenous route than 
by the intraperitoneal. To investigate this fur- 
ther, mice were divided into 2 groups and in- 
jected with 5 x 10° viable bacteria contained in 
a volume of 0.25 ml. One group of animals re- 
ceived this challenge dose by the intravenous 
route, while the other group was inoculated 
intraperitoneally. At intervals of 5, 30, 60, 
120, 180 and 240 minutes following injection, 
3 mice from each group were lightly anesthe- 
tized and blood samples obtained by cardiac 
puncture with heparinized syringes. These 
samples were used for estimation of the exist- 
ing bacteremia (plate counts). Mice not used 
for bleeding were kept as infected controls. 
All of the intraperitoneally infected controls 
were dead (8/8) 24 hours after injection, 
whereas none (0/8) of the intravenously in- 
jected controls exhibited any obvious symp- 
toms of infection following injection with the 


+ The authors wish to thank Dr, Elmer Alpert of 
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FIG. 1. Comparison of numbers of viable bacteria 
in blood of mice following infection by intravenous 
or intraperitoneal routes. 


bacteria. It is evident (Fig. 1) that injection 
of the microorganism by the intraperitoneal 
route permitted the development of a rapid 
and overwhelming bacteremia which ulti- 
mately resulted in the death of the host. The 
initial bacteremia (5 minutes) undoubtedly 
was due only to invasion from the peritoneal 
cavity which was then maintained at this 
level by the constant-infusion of bacteria pro- 
duced by multiplication in the cavity. The 
actual extent of the invasion from the peri- 
toneum cannot be fully appreciated unless 
the fate of the blood-borne bacteria is con- 
sidered. The reticulo-endothelial system, 
which functions as a clearing mechanism for 
the blood, efficiently removed the inoculum 
dose of bacteria (Fig. 1), whereas the local 
response in the peritoneum is apparently over- 
whelmed allowing a fatal systemic invasion 
to occur. The two examples illustrate the ex- 
tremes in bacteremia, which “represents a bal- 
ance between bacterial multiplication, inva- 
sion of the blood stream, and the activity of 
the clearing mechanism’ (10). 

Bacteremia and splenic uptake of bacteria 
in adrenalectomized and sham operated mice: 
Adrenalectomy rendered the mouse highly 
sensitive to an intravenous inoculum of the 
bacteria that was relatively innocuous in the 
sham operated control. To investigate the 
influence of adrenal cortical secretion on this 
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aspect of resistance= adrenalectomized and 
sham-operated mice were inoculated intra- 
venously with approximately 3.3 x 10° bac- 
teria. Blood samples were obtained by intra- 
cardial puncture at the intervals noted in Fig. 
2. The blood samples for each separate period 
were obtained from at least five mice and 
pooled. Likewise, the spleens of these animals 
were rapidly and_ aseptically removed, 
weighed, pooled and homogenized with sterile 
0.85% saline in glass TenBroeck tissue grind- 
ers. Aliquots of the blood and spleen homog- 
enates were taken for plate counting. 

The inoculum used would theoretically be 
sufficient to produce a bacteremia of approxi- 
mately 10° cells per ml of blood, which indi- 
cates a precipitous loss of bacteria (Fig. 2) 
from the blood during the initial period fol- 
lowing injection (ca. 90% in initial 5 min- 
utes, ca. 90% of remainder during subsequent 
25 minutes). The initial high count of viable 
bacteria in the spleen is well correlated with 
the rapid clearance of the bacteria from the 
blood. Supplemental studies have shown that 
the reticulo-endothelial activity of the liver 
(on weight basis) was similarly effective. 
Since the concentration of viable bacteria in 
the blood rapidly fell to a relatively insigni- 
ficant level, the decrease in numbers of viable 
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FIG. 2. Comparison of numbers of viable bacteria 

in blood and spleen of mice, adrenalectomized or 

sham-operated, following infection by intravenous 
route. 


TABLE I, Independence of Lethal Dose on Numbers of Viable Staphylococci. 
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No. viable 
Bacterial bacteria per 

preparation inoculum 

A. Control 4.0 & 105 
Sonerated 6:35 108 

B. Control PIS IN 

Sonerated 3.2 X 10 

Boiled 0.0 * 10° 

* Probability, using Student’s ‘‘t’’ test, that 
sume as the mean survival time of the control. 


bacteria in the spleen was probably due to 
the cidal activity of the phagocytic cells. This 
decrease amounted to approximately 95% in 
4 hours. All of the injected control sham- 
operated mice not used for bacteremia study 
survived with no evidence of symptoms, 
whereas all of the injected adrenalectomized 
mice succumbed. Despite the almost complete 
disappearance of bacteria from the blood and 
apparent destruction by the reticulo-endo- 
thelial system, symptoms of bacterial intoxi- 
cation were evident in many of the adrenalec- 
tomized mice by the four hour period (ruffled 
fur, unsteady gait, etc.). The essential dif- 
ference in the resistance of the adrenalecto- 
mized mouse when compared to its control 
seemed to be in its increased sensitivity to the 
bacteria per se, rather than a deficiency in 
ability to phagocytize and destroy the patho- 
gen. 

Toxic factor and resistance: From the re- 
sults of the previous experiment it seemed 
possible that the digestive processes of the 
phagocytic cells of the reticulo-endothelial 
system might liberate toxic substances from 
the bacterial cell to the circulation which, .in 
the adrenalectomized mouse, could attain a 
lethal concentration due to the greater sensi- 
tivity of this animal to noxious material. Pre- 
liminary observations showed that the lethal- 
ity of various preparations of bacteria for 
adrenalectomized mice (measured as mean 
survival time) was more directly related to 
the concentration of bacterial substance than 
the numbers of viable bacteria in the inocu- 
lum. Bacteria formalinized and washed, 
heated to 58°C, exposed to boiling tempera- 
tures or incubated in distilled water or with 
antibiotics, were not less toxic than control 
bacterial suspensions. To simulate the result 
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Mean sur- 
vival time, 


Mortality min. Probability * 
9/9 101.1 
10/10 85.9 12 = {01 
10/10 112.6 
10/10 86.1 Pein 
10/10 103.5 P= 3-4 
the mean survival time of the test group is the 


of digestive action by phagocytic cells on the 
ingested microorganisms, bacteria were “‘sol- 
ubilized” by disruption in a high frequency 
oscillator (sonerated) for 4 hours at 13°C. 

A comparison of the toxicity of sonerated 
and control preparations was made following 
intravenous injection of the materials into 
adrenalectomized mice. In part A of Table I 
it can be seen that “solubilization” of the 
bacteria significantly increased the toxicity of 
this preparation, even though the numbers of 
viable bacteria were markedly reduced. The 
experiment was repeated (B) using a 1 to 2 
dilution of the control which had been im- 
mersed in a boiling water bath for 30 min- 
utes. Analysis of the toxicity of the control 
vs. the heated preparation showed no signi- 
ficant difference, although the latter inocu- 
lum was completely sterilized by the heat 
treatment. On the other hand, ‘solubiliza- 
tion” of the bacteria significantly enhanced 
the toxicity of the preparation. The results 
suggest that since the intravenously injected 
bacteria are rapidly localized in the tissues of 
the reticulo-endothelial system and_ therein 
destroyed (Fig. 2), the lethal effect of the 
bacteria*may depend on solubilization of the 
ingested bacteria by the phagocytic cells and 
subsequent release of the toxic material to the 
circulation of the sensitive host. 

Protective effect of hydrocortisone: The ob- 
servation has been made that staphylococci 
administered by the iv. route are rapidly 
cleared from the blood and destroyed by the 
cells of the R. E. system. If the digestion of 
these phagocytized bacteria liberates toxic 
bacterial substance to the circulation and 
thereby fatally intoxicates the adrenalecto- 
mized mouse, replacement therapy should be 
effective in protecting mice against a lethal 
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FIG. 3. Protective effect of hydrocortisone in 


adrenalectomized mice against 1 LD. (i.v.) of a 
toxie bacterial extract. 


dose of either soluble bacterial extract or vi- 
able bacteria. Adrenalectomized mice were 
treated with graded doses of hydrocortisone 
two hours prior to an i.v. injection of the cell- 
free bacterial extract. Observations on mouse 
survival were routinely carried out over a 
period of 72 hours. 

Fig. 3 illustrates the various degrees of pro- 
tection, relative to hormone dosage, provided 
to mice by hydrocortisone against a dose of 
bacterial extract that was lethal to 90.2 + 
4.1% of the untreated controls (40 mice). 
The straight line in Fig. 3 was obtained by the 
method of least squares. Hormone-treated 
mice surviving for 24 hours following the chal- 
lenge died at a rate no greater than non- 
challenged adrenalectomized controls. 

The animals used to test the effect of 
hydrocortisone in mice challenged with an 
i.v. dose of viable staphylococci were pre- 
pared, treated and observed in essentially the 
same manner as in the previous experiment. 
In the dosage range from 0.25 to 25 y of 


ae 


fe) 
o.90 9 


SLOPE= 4/.54+3.8 


[e} 


~ 

z9 

ue 

bar 

3460 

a8 x Each dot represents a 

z 50 @ group of 10 animals 

cS 40 The cross is at the overage 

”n of the 20r3 groups at 

red 20h each dose level | 

ion 

w20 e 

© 

w!O x 

a Za | ull IL 
ie) 25 25 25 250 

DOSE OF HYDROCORTISONE IN gm LOG SCALE 
FIG. 4. Protective effect of hydrocortisone in 


ndrenalectomized mice against. 1 LD; (i.v.) of 
viable M. puogenes var. aureus. 


hydrocortisone, a straight line relationship of 
log dose to response was obtained by the 
method of least squares (Fig. 4). It is inter- 
esting to note that a 10-fold increase in hor- 
mone dosage did not diminish the protective 
response (7.e€., 250 y). Since non-moribund 
animals surviving 24 hours after injection 
died at a rate no greater than non-infected 
controls, it was evident that the hormone 
effect was not limited to a mere prolongation 
of survival time. Bacteremia in survivors, if 
present, was extremely light and the spleens 
contained few to no detectable organisms. 


Discussion. The remarkable sensitivity of 
the adrenalectomized animal to noxious sub- 
stances has provided a unique opportunity 
to study the pathogenesis of a controlled bac- 
teremia. It has been found that after the in- 
troduction of bacteria into the blood of either 
adrenalectomized or sham-operated mice, the 
pathogens are rapidly removed from the cir- 
culation. Both the spleen and liver partici- 
pated in the removal, and, on a weight basis, 
were similarly active. Following the uptake 
by the spleen, a sterilization of the bacteria 
ensued, and it is postulated that the digestion 
of the bacteria by the reticulo-endothelial 
cells resulted in a release of toxic (or irritat- 
ing) bacterial substances. Harris and Ehrich 
(11) have reported that soluble antigens of 
locally injected washed Shigella bacteria or 
foreign erythrocytes appear at the site of in- 
jection, draining lymph node and in the ef- 
ferent lymphatics, at times which suggest sol- 
ubilization and release of these antigens from 
the phagocytic cells of the local area. It has 
been found that “solubilization” (by sonera- 
tion) of the bacteria decreases the survival 
time of i.v. injected adrenalectomized animals 
even though the numbers of viable bacteria 
are greatly reduced. Inocula of bacteria ster- 
ilized by exposure to boiling water bath for 
30 minutes were as toxic as viable control 
material. 


Since the intact mouse is markedly resis- 
tant to a given dose of either the bacteria or 
the bacterial extract given by the intravenous 
route, it is likely that the release of soluble 
bacterial substances by the reticulo-endothe- 
lial system in the intact mouse is accomplished 
without any untoward effects. However, in 
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the adrenalectomized mouse, which is notor- 
iously sensitive to bacterial toxins, etc., this 
destruction of the bacteria does not provide 
suitable protection. Perhaps in the intact 
mouse, which has been given an intraperi- 
toneal inoculation of the bacteria, the result- 
ing bacteremia (Fig. 1) assumes such propor- 
tions that the R. E. system accumulation of 
bacterial material produced during the period 
of infection may be sufficient to constitute a 
lethal dose within a relatively short time after 
injection (5 to 7 hours). Smith and Keppie 
(12) have shown the irreversible nature of 
bacterial intoxication with anthrax bacillus 
despite control of the bacteremia by anti- 
biotics. 

Single administrations of graded doses of 
hydrocortisone were shown to furnish pro- 
tective responses relative to hormone dosage 
in adrenalectomized mice injected intraven- 
ously with an LDoo of either viable bacteria 
or bacterial extract. Since this protection did 
not deteriorate with time, the pathogenic ac- 
tivity of this organism after an intravenous 
injection must be essentially due to the re- 
lease (solubilization) of its cellular com- 
ponents, rather than to multiplication and 
concomitant toxigenic activity. The apparent 
enhancement of the detoxification mechan- 
isms of the sensitive host by hydrocortisone 
would require no new property not already 
generally ascribed to this hormone. The anti- 
phlogogenic activity of hydrocortisone, by 
limiting the chain-like sequence of events due 
to a noxious stimulus, can so markedly reduce 
the systemic reaction to the stimulus as to 
completely inhibit the appearance of symp- 
toms(4). 

Summary. 1. The increased tolerance of 
mice to an i.v. challenge of staphylococci as 
compared to an injection of the bacteria by 
the ip. route was found to be related to the 
rapid clearance of bacteria from the blood 
following the i.v. injection. However, adren- 
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alectomy markedly reduced the resistance to 
an i.v. challenge without altering the rates of 
clearance or bacterial destruction by the R. 
E. system. 2. It was postulated that di- 
gestion of the bacteria by the R. E. system 
liberated bacterial material which was nox- 
ious to the adrenalectomized mouse. “Solu- 
bilization” of the bacterial preparation in- 
creased its toxicity as compared to control 
viable or heat-sterilized preparations, indicat- 
ing the independence of this toxicity to num- 
bers of viable bacteria. 3. Hydrocortisone 
pretreatment of adrenalectomized mice was 
found to be protective, relevant to dosage, in 
minute amounts, against i.v. challenge with 
either viable staphylococci or extracts of this 
organism. 


1. Perla, D., and Marmorsten, J., 1941. Natural 
Resistance and Clinical Medicine, Little, Brown and 
Co., Boston, p475. 

2. Keefer, C. S., 1954, in Lukens, F. D. W., Medical 
Uses of Cortisone Including Hydrocortisone and 
Corticotropin. The Blakiston Co., New York, p401. 

3. Kass, E. H., and Finland, M., Ann. Rev. Microb., 
LOSS ev 1 Ode 

4. Dougherty, Thomas F., Progress in Allergy, 
1954, v4, 319. 

D. , Adrenal Cortex, Tr. 2nd Conf. Josiah 
Macy, Jr. Foundation, New York, 1950, p88. 

6. Robinson, H. J., Mason, R.'C., and Smith, A. L., 
Proc. Soc. Exe. Brot. AND Mep., 1953, v84, 312. 

7. Hill, D. W., Brown, H. E., and Gebhardt, L. P., 
Fed. Proc., 1954, v13, 431. 

8. Germuth, F. G., Ottinger, B., and Oyama, J., 
Bull. Johns Hopkins Hosp., 1952, v91, 22. 

9. Kleiger, B., Blair, J. E., and Hallman, F. A., 
Arch. Surg., 1942, v45, 571. 

10. Bennett, J. L., and Beeson, P. B., Yale J. Biol. 
Med., 1954, v26, 241. 

11. Harris, T. N., and Ehrich, W. E., J. Exp. Med, 
1946, v84, 157. 

12. Smith, H., and Keppie, J., Nature, 1954, v173, 
869. 


Received September 12, 1955. P.S.E.B.M., 1955, 90. 


Bacteriostatic Properties of Some Derivatives of DDT.*! 


JosEpH E. Moorg, Jr.+ AND Epwarp C. Bust. 


259 
(22000) 


(Introduced by Joseph S. Butts.) 


From Departments of Agricultural Chemistry, Oregon Agricultural Experiment Station and 
Chemistry, Oregon State College, Corvallis. 


During an investigation of the fate of DDT 
in resistant insects, a number of related com- 
pounds were synthesized. Since a survey of 
the literature disclosed little information con- 
cerning the effects of these compounds on the 
metabolism of microorganisms, they were also 
screened for possible bacteriostatic properties. 

The compounds are in general quite water 
insoluble and it was very difficult to obtain 
reproducible results using the usual turbidi- 
metric methods to estimate microbiological 
growth. Such methods are also laborious, 
time consuming and require large amounts of 
compound when testing over a wide range. 


For these reasons the gradient plate technique 
of Szybalski(16-18) was utilized for quick 
approximate screening. 

Materials and methods. ‘To a slanted petri 
plate 9 cm in diameter was added 20 ml of 
sterile nutrient agar (Difco) so that the bot- 
tom was just covered. After solidification the 
plate was leveled and an additional 20 ml of 
agar containing the appropriate concentration 
of compound to be tested was added. A wait- 
ing period of from 2 to 5 hours at 25°C 
proved to be sufficient to allow the compound 
to diffuse vertically and establish a uniform 
concentration slope by virtue of the thickness 


TABLE I. Concentration of DDT Derivatives Required to Inhibit Growth of Microorganisms. 


Compound 


Benzophenone 
4,4’-Dichlorobenzophenone 
4,4’-Dimethoxybenzophenone 
4,4’-Dichloro-3,3’-dinitrobenzophenone 
4,4’-Dichloro-3,3’-diaminobenzophenone 
4-Chloropheny] 2-thienyl ketone 

Phenyl 2-thienyl ketone 
4,4’-Dimethylaminobenzophenone 
4-Fluoro-3-methylbenzophenone 
Benzhydrol 

4,4’-Dichlorobenzhydrol 
4,4’-Dimethoxybenzhydrol 
4,4’-Dichloro-3,3’-dinitrobenzhydrol 
4,4’-Dichloro-3,3’-diaminobenzhydrol 
4-Chlorophenyl-2-thienylmethanol 
Phenyl-2-thienylmethanol 
4,4’-Dimethylaminobenzhydrol 
a-Methylbenzhydrol 
1,1-bis(p-Chlorophenyl) ethanol 
1,1-bis(p-Methoxyphenyl) ethanol 
1-Phenyl-1(2-thienyl) ethanol 
1-(4-Fluoro-3-methylphenyl)-1-phenylethanol 
1,1-bis(4-Chloro-3,5-dinitrophenyl) ethane 
bis(p-Chlorophenyl) acetic acid 
4-Fluoro-3-methylbenzhydrol 


Microorganism* 
Source 1 2 3 4 5 

sf 
13 

t 

1 

12 

4 

3 544 

+ 

10 

2 14 112 

11 112 140 42 

14 
10 14 70 14 14 
10 

10 70 112 70 42 42 
9 132 

8 42 14 
2 

5 42 42 42 

6 

10 224 70 

10 42 14 14 

7 112 14 14 112 
15 14 14 
10 14 14 14 14 


* (1) E. coli (sucrose negative); (2) M. pyogenes HSR9674; (3) 8. faecalis ATTC1170; 
(4) S. ellipsoideus; (5) A. suboxydans ATTC621. 


+ Eastman Kodak Co. 


t Values are given in pg/ml required to inhibit growth, Where no value is given it is taken 
to mean that growth of the microorganism was not affected by the highest concentration used. 


* Technical Paper No. 930, Oregon Agric. Exp. Sta- 
tion. 

+ Data taken from a thesis submitted in partial 
fulfillment of requirements for the Ph.D., Department 


of Chemistry, Oregon State College, June 1953. 
t Present address: Western Utilization Research 
Branch, Albany, Calif. 
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ratio of the agar layers. The plates were then 
inoculated with a thin streak of organisms 
using a small sterile brush. The plates were 
inverted and incubated for 18 hours. At this 
time the growth of the organisms could easily 
be seen and the point where growth was just 
inhibited determined. Concentrations up to 
250 pg per ml were run at least in duplicate. 
The microorganisms were obtained from stock 
cultures belonging to the Department of Bac- 
teriology, Oregon State College. The values 
obtained by this method compared within 
159% of those found by standard dilution tech- 
niques when using phenol or penicillin G, so- 
dium salt. 


Results. In Table I is summarized the re- 
sults obtained by screening the miscellaneous 
compounds for their abilities to inhibit growth 
of the five selected microorganisms. In gen- 
eral the ketones were inactive at a concentra- 
tion of 250 »g per ml which was the highest 
level used. Many of the alcohols, however, 
were quite active in inhibiting growth, some at 
rather low concentrations. In addition to the 
organisms listed, most of the compounds pre- 
pared were screened against Candida albicans. 
In general no inhibitory effects were noted 
against this pathogenic yeast; however, 4, 
4’-dichlorobenzhydrol_ completely — inhibited 
growth at 140 micrograms per ml. 


Summary. A number of miscellaneous 
compounds related to DDT have been 
screened for their abilities to inhibit the 
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growth of 5 select bacteria and yeasts. The 
alcohols were much more active than the cor- 
responding ketones. 
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From Radiobiology Laboratory and Department of Anatomy, College of Medicine, University of 
Utah, Salt Lake City. 


In the evaluation of the toxicity of radio- 
active elements deposited in living animals it 
is essential to know how much energy is de- 
livered to the irradiated tissues. When the 
radioactive element gives rise to daughter 
products of different atomic species possessing 


* Supported by U. S. Atomic Energy Commission. 


physical and chemical properties different 
from the parent species, particular caution is 
necessary. This fact was recognized early in 
the work on radium toxicity when it was dis- 
covered that a large fraction of Rn??? escaped 
from skeletally deposited Ra?2* and was ex- 
haled in the breath. It has also been found 
recently(1) that considerable ThX (Ra22*) 
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FIG. 1. a, Autoradiogram of slab of bone taken from proximal end of right humerus (magni- 


fication 1.5). 


daughter escapes from parent RdTh (Th??%) 
deposits in bone. Sr’® is an important com- 
ponent of the radioactive fallout from atomic 
explosions. In considering its toxicity, par- 
ticular interest is focused on the contribution 
to beta ray dosage which is made by the more 
energetic beta rays of its 2.7 day daughter, 
Y°*°. A comparison of the energies of the Sr®” 
and Y®® beta rays shows that, under condi- 
tions of radioactive equilibrium, tissue would 
receive approximately four times as much en- 
ergy from the more energetic beta rays of Y””. 
Hence, we have studied the metabolic fate of 
the potentially more damaging Y°® formed 
from Sr®° deposits in the skeleton of a young 
beagle dog. The following are the possible 
metabolic pathways for the Y°°: (1) Excre- 
tion from the body; (2) Retention at sites of 
formation in the skeleton; (3) Escape from 
sites of formation and re-deposition in skele- 
ton in different sites; (4) Some combination 
of the above. 

Our experiments show that most or all of 
the Y°® daughter is retained at the sites of 
formation in the skeleton. 

Methods. Our experiments were carried 
out on a single beagle dog which was sacrificed 
-4 months following the intravenous adminis- 
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b. X-ray picture of same slab of bone at same magnification. 


tration of 150 wc per kg of Sr” at equilibrium 
with its Y°® daughter. The injection solution 
consisted of Sr®®, Y®’ in a citric acid, sodium 
citrate buffer of pH = 3.5 and 0.08 M total 
citrate. The dog was 5 months old at the time 
of injection, and therefore, its skeleton was 
growing during the presacrifice interval. The 
fate of the Y®” formed from Sr®° decay in the 
bone was studied in 3 ways. 1. The right hu- 
merus was cut longitudinally into slices 1-2 
mm thick, embedded in Gelva resin,t and ce- 
mented on aluminum plates. After grinding 
the slabs flat with fine abrasive paper, contact 
autoradiograms were made on Kodak no- 
screen x-ray film. Fig. la is an autoradiogram 
(magnified 1.5x) of one of these slabs from 
the proximal end of the humerus; Fig. 1b is an 
x-ray picture taken at the same magnification. 
Another slab was cut along the parallel lines 
shown in Fig. la; adjacent lines are about 1 
mm apart. The bone of section X was being 
deposited at the time of Sr°° injection and the 
bone of sections X + 1, X + 2, etc. was de- 
posited at progressively later times. Follow- 
ing wet ashing, these samples, and also sam- 
ples of bone from the shaft, were counted in a 


+t Shawinigan Products Corp., N. Y. City. 
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Geiger counter. Measurements were made 
both with and without an aluminum absorber 
sufficiently thick (0.7 mm) to absorb all Sr®®, 
but not all Y®® beta rays. A series of such 
counts was made from 6 hours to 7 days after 
sacrifice. In all samples, the Y°? beta ray 
activity was at equilibrium ( + 3%) with the 
parent Sr®® at 6 hours after sacrifice. 

Results. If Y® produced in vivo escaped 
from its site of formation into the general 
circulation, one would anticipate its concen- 
tration in the primary spongiosa beneath the 
epiphyseal line, in a manner similar to the de- 
position of parenterally administered Y°°(2). 
The amount of Sr®® in the primary spongiosa 
is quite low since this was a growing dog and 
the bone of this area was deposited at a con- 
siderable time after injection of Sr®®. Because 
of this low Sr? concentration, an excess of Y"” 
could have been readily detected. The fact 
that no such excess of Y®° occurred in the pri- 
mary spongiosa indicates that little, if any, of 
the Y°? produced in vivo escaped from its 
sites of formation. 

Fig. 1b also clearly demonstrates that meta- 
physeal trabecular bone containing a high 
concentration of radioactivity (section X) is 
markedly opaque to x-rays. This opacity is 
due to the presence of bone of abnormally 
high density in this region and is evidence of 
radiation damage. This point will be dis- 
cussed further in a future publication. A simi- 
lar effect can be seen in the radius of this dog 
(Kags 2 )e 

II. The left radius was divided into 8 seg- 
ments as illustrated in the x-ray picture (Fig. 
2). The pieces were quickly dissolved in nit- 
ric acid and aliquots were mounted for beta 
ray measurement. Aliquots of the samples 
were measured from 8 hours to one week after 
sacrifice by 2 methods. The Sr®? and Y®® beta 
rayS were measured in a 2-7 proportional 
counter; Y°? only was measured using an end- 
window G-M tube with 0.7 mm aluminum be- 
tween sample and detector. Similar measure- 
ments were made on the heads and shafts of 
the metacarpals. The data show no signifi- 
cant variation with time. The measurements 
of Sr®° and Y°° beta rays with time are rather 
insensitive, and the conclusion from these data 
is that the Y®° activity at the time of sacrifice 
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FIG. 2. 


X-ray picture of left radius. 


equals the Sr®’ activity (+ 20%). The Y® 
beta ray measurements are more sensitive, and 
show that the Y”” activity at the time of sac- 
rifice equals the Sr” activity ( + 10%). 
Hence, Y® is close to equilibrium in these 
bone samples which differ both in Sr®° concen- 
tration and morphologic composition. 

Measurements were also made on the liver 
and plasma of this dog. The liver was homo- 
genized, and an aliquot of the homogenate 
was wet ashed, as was a plasma sample. Ali- 
quots of these samples were plated, and total 
beta ray activity was measured as described 
above. 

In the plasma, Y” was not in equilibrium 
with its parent; the Y°" activity was approxi- 
mately half the Sr®° activity. In the liver, Y°" 
was in equilibrium, and the liver concentration 
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of Sr°® was about equal to the plasma Sr” 
concentration. Since the skeleton contains 
approximately 5000 times as much Sr® as the 
liver, measurement of the liver for excess Y” 
is sufficiently sensitive to detect the escape of 
a small fraction of the Y®’ formed in the 
skeleton, even though the deposition in the 
liver of parenterally administered yttrium is 
low. If it is assumed that any Y®’ which 
leaves its site of formation in the skeleton be- 
haves as parenterally administered tracer 
yttrium(3), then the lack of excess Y® in the 
liver shows that there is no appreciable escape 
from the skeleton of im vivo formed Y®. 

III. The x-rays produced by the Y* beta 
rays traversing the bony tissue of the right 
radius were measured as a function of time 
after sacrifice and of position along the axis of 
the bone. X-ray production by a continuous 
spectrum of beta rays of maximum energy 
Emax Striking a thick target is approximately 
proportional to E*,,..(4). Hence the yttrium 
x-ray production is approximately (2.24/ 
0.54)” = 17 times as intense as the strontium 
x-ray production and is responsible for most 
of the counter response. 

A ™% inch separation between lead bricks 
was used to collimate the x-rays; the detector 
was a NalI(TI1) scintillation counter. Suf- 
ficient thickness of lucite was used to absorb 
all beta rays. A series of measurements at 
14 inch intervals along the length of the right 
radius was made. These measurements 
showed no growth or decay of x-ray produc- 
tion (to + 5%) along the length of the bone. 
Since the x-rays detected were almost entirely 


263 


generated by Y® beta rays, these measure- 
ments show the presence of Y® rather than 
Sr°°. Hence, the Sr®® in all segments of the 
right radius was close to equilibrium with the 
in vivo formed Y®. 


Summary. The data presented demon- 
strate that Y°° produced in vivo from long 
term skeletal deposits of Sr®°° in young dogs 
does not escape from the local areas of bone 
in which it is produced. This is in agreement 
with previous experimental evidence(5). The 
implications of this finding are as follows: 
First, the combined energy of the Sr®® and Y°° 
beta rays irradiates the skeleton. Hence, 
dosimetric data determined in vitro can be 
directly applied to im vivo conditions. Second, 
the Sr®® deposited in the growing skeleton is 
probably intracrystalline. This is in agree- 
ment with the x-ray diffraction findings of 
McDonald(6). Work is in progress to see 
whether this effect occurs in older dogs where 
there is less bone growth and less crystal for- 
mation. 
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Occurrence and Activation of an Elastase Precursor in Pancreas. 


(22002) 


NorMAN H. GRANT AND KENNETH C. ROBBINS. 


From Biochemical Research Department, The Armour Laboratories, Chicago. 


Lansing and coworkers(1) have found that 
in teleost fish elastase occurs in pancreatic is- 
let tissue but not acinar tissue. They cited. 
among reasons for studying this question, the 
findings that an herbivore (bovine) pancreas 
produces elastase and that the enzyme has 
not been detectable in human pancreatic juice. 
Kokas and coworkers(2) reported the pres- 
ence of elastase in dog pancreatic juice, but 
occasionally it could not be found even when 
proteolytic activity could be measured. 


Obviously, the establishment of an islet ori- 
gin for elastase would indicate an endocrine 
function. Before an acinar origin and an oc- 
currence in pancreatic juice could be unequi- 
vocally excluded, the possibility of an activat- 
able zymogen was explored. The present 
study indicates that in dog pancreatic juice 
and in hog pancreas extracts the elastase does 
exist in the zymogen form, and a duodenal 
factor or trypsin is capable of converting this 
precursor to active elastase. 


Methods and materials. Activations were 
carried out at 24°C for 20 minutes with no 
shaking. Each system contained 0.4 ml of 
dog pancreatic juice or hog pancreatic extract 
in a total of 1.4 ml. Other components and 
their concentrations per tube were: crystalline 
trypsin and crystalline a-chymotrypsin, 0.2 
mg; crystalline soybean trypsin inhibitor, pre- 
pared according to Kunitz(3), 2 mg; amor- 
phous pancreatic trypsin inhibitor, prepared 
according to Kazal, et al.(4), 2 mg; 0.4 ml of 
a 20% aqueous extract of the dried-defatted 
hog duodenum; and 0.02M Sorensen phos- 
phate buffer, pH 7.4. The juice, which was 
kindly supplied by Dr. H. Necheles of Michael 
Reese Hospital, was collected by cannulation 
after the dog was treated with 100 units se- 
cretin, 3 mg mecholyl, and nembutal. The ex- 
tract was a clarified 2% solution of a lyophil- 
ized 25% aqueous extract (pH 7.0) of fresh 
hog pancreas. The assay system was a modifi- 
cation of that of Balo and Banga(5). Elastin 
was prepared from beef aorta after removal of 


collagen with boiling 1 N NaOH. The tubes 
contained 20 mg elastin, 0.5 ml of 0.5 M Sor- 
ensen phosphate buffer pH 7.4, 1.0 ml enzyme 
(activation mixture), and H,O to 5.0 ml. 
Assays were performed for 30 minutes at 
37°C with shaking. The tubes were chilled 
to 1°C, and their contents were filtered (S and 
S 595 paper). Total protein was determined 
in the filtrate by a Folin phenol method(6) in 
which crystalline bovine albumin was used as 
the standard. 

Results. The activation studies are shown 
in Table I. Elastase is secreted in pancreatic 
juice in an inactive state capable of being con- 
verted to the active enzyme by trypsin or a 
duodenal factor but not by a-chymotrypsin. 
The duodenal effect is abolished by soybean 
and pancreatic trypsin inhibitors if the inhib- 
itors are present from the beginning of the 
activation period.’ If present only during the 
assay they do not completely block the acti- 
vated elastase. In control experiments, these 
inhibitors very effectively blocked the hy- 
drolysis of denatured hemoglobin by trypsin: 
with an inhibitor to enzyme weight ratio of 1, 
the percent inhibitions by the soybean and 
pancreatic inhibitors were 87 and 80, respec- 
tively. 

Discussion. The foregoing data point to an 


TABLE I. Activation of Pro-elastase. 
Elastase activity * 
Dog Hog 
pancreatic pancreatic 
Activator juice extract 
None ah ) 
Trypsin 6.3 4.3 
a-Chymotrypsin ay) 0 
Duodenal extract 5.8 3.7 
Duodenal extr. + soybean 8 4 
trypsin inhibitor 
Idemt 19 2.8 
Duodenal extr. + pancreatic 6 5 
trypsin inhibitor 


ITdemt Wee? 2.6 


“mg net solubilized protein. 
+ Inhibitors were added to activation tubes im- 


mediately before the aliquot was withdrawn for 
assay. 
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indirect role for duodenum—one of activating 
trypsinogen. Nascent trypsin appears to be 
the direct activating agent for pro-elastase. 
The absence of elastase activity in trypsin has 
been shown by Balo and Banga(5), and we 
have found it to be absent in both trypsin and 
a-chymotrypsin. 

Several investigators have reported active 
elastase in extracts of desiccated pancreas 
without a duodenum  component(5,7,8). 
These observations might be reconciled in the 
light of varying amounts of active protease in 
fresh mammalian pancreas tissue(9). Unless 
the starting tissue has an exceedingly low con- 
centration of active trypsin or the investigator 
has taken special steps to avoid autoactiva- 
tion, a given pancreas extract may be expected 
to contain sufficient trypsin to activate pro- 
elastase. 

The data shown in Table I suggest that the 
duodenal factor is enterokinase. The activa- 
tion mechanism strongly resembles that of 
chymotrypsinogen(10) and pro-carboxypepti- 
dase(11) and may be represented as 


(A) Trypsinogen OO | trypsin 


wee elastase 


(B) Pro-elastase - 
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Summary. Dog pancreatic juice and ex- 
tracts of hog pancreas contain elastase in an 
inactive form. Trypsin or a duodenal factor 
is capable of activating pro-elastase. The ac- 
tivation is blocked by pancreatic and soybean 
trypsin inhibitors, an indication that the duo- 
denal factor is enterokinase. 
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Hemorrhagic Fever Patients. 
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(22003) 


(Introduced by Oscar Felsenfeld.) 


From the Department of Bacteriology, 406th Medical General Laboratory, APO 500, San Francisco. 


The resemblance of the anatomic-morpho- 
logic changes in men who died of hemorrhagic 
fever (HF) to those in animals which suc- 
cumbed to enterotoxemias caused by Clos- 
tridium perfringens led to an inquiry into the 
possible role of Cl. perfringens in the Korean 
variety of that human disease(1-4). The oc- 
currence of Cl. perfringens in the human in- 
testine is well known. Past studies concerned 
with the distribution of toxigenic types of 
Cl. perfringens have demonstrated that types 
A and F constitute all of the human intestinal 
isolates with a few exceptions(5-8). The 


classification of the strains isolated from the 
colon of HF patients has not yet been under- 
taken due to the present limited supply of 
typing antitoxin on hand. It seemed, how- 
ever, that the demonstration of serum anti- 
toxins against known species of Cl. perfringens 
in convalescent HF patients would be another 
approach to this problem. 

Materials and methods. Sera. Sera were 
obtained from 17 patients on the Hemorrhagic 
Fever Wards of an Army Hospital in Korea, 
during their convalescence from a disease an- 
swering the clinical criteria of HF. These 
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sera were drawn 35 to 51 days after onset of 
the disease and were compared with sera of 
50 individuals from Japan and areas other 
than Korea who had never suffered such an 
illness. Toxins. Crude toxins were prepared 
from the following known type strains of Cl. 
perfringens: type A, No. 146 from Dr. L. S. 
McClung, Univ. of Indiana; type B, No. CN 
667; type C. No. CN 882; type D, No. CN 
1635; type E, No. CN 1241, and type F, No. 
CN 2048 from Dr. H. Warrack of the Well- 
come Laboratory, Beckenham, England. The 
Cl. perfringens strains were grown in a horse 
muscle infusion containing 1% papain digest 
of horse muscle and 30% horse muscle par- 
ticles, as recommended by Ross(9). The cul- 
tures were incubated for 18 hours at 35°C, 
centrifuged at high speed for 15 minutes to 
remove the large particles and sterilized by 
Seitz filtration. A later batch of type E toxin 
was sterilized by passage through a millipore 
filter with less loss of toxigenic material. All 
filtrates, except type A, were neutralized with 
alpha antitoxin to eliminate that toxin which 
is common to all recognized types of Cl. per- 
fringens. The epsilon toxin of type D was 
activated with trypsin prior to use, as recom- 
mended by Batty and Glenny(10). This ac- 
tivation was not applied for the iota toxin of 
type E, as no enhancing value was noted after 
7 hours incubation(9). The filtrates were 
tested against known antitoxins to confirm 
their type.* The L+ of each toxin was de- 
termined by the Ross method(9). Procedure 
with HF sera. Screening tests were performed 
by adding 0.6 ml sera which had been inactiv- 
ated at 56°C for 30 minutes to 1.8 ml toxin 
containing 6 L+ mouse units, incubating the 
mixture for 30 minutes at room temperature 
and inoculating 0.5 ml of this mixture intra- 
venously into each of 4 mice weighing 17-20 g. 
Neutralization was considered to occur if the 
mice survived for 72 hours. Quantitative de- 
terminations were performed as follows: The 
sera were diluted 1:2, 1:4, 1:6, 1:8 and 1:10 
with physiological saline. One ml of each 
dilution was mixed with 1.2 ml toxin contain- 
ing 6 L+ units and tested as in the screening 


* Cl. welchii antitoxins supplied by Burroughs Well- 
come and Company. 
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TABLE I. Individual Iota Antitoxin Levels of 67 


Sera. 

Units/ee No. sera showing antitoxin 
serum HF sera Control 
(25s ; 1 27 

4- 9 0 14 
LS 229. ] 9 
3 - 4.9 0 0 
5 - 6.9 8 0 
7 - 89 4 0 
9 -11.9 2 0 

12 -21 1 0 

Total 17 50 


test. Control sera were tested in the same 
manner using undiluted and 1:2 diluted sera. 
All titrations were repeated on 3 different days 
to confirm the reproducibility of results. 


Results. In the preliminary tests no neu- 
tralization of toxins produced by Cl. perfrin- 
gens types A, B, C, D, or F was observed. 
Sera from 15 of the 17 HF convalescents con- 
tained sufficient antibody to neutralize the 
iota toxin produced by Cl. perfringens type E 
(Bosworth). Table I indicates the antitoxin 
titers of these 17 test sera as well as of the 50 
control sera. 

Sera tested against type E filtrates not neu- 
tralized with alpha antitoxin failed to protect 
the mice. Death was accompanied by hemo- 
globinuria which is common in lecithinase in- 
toxication. This was not observed in mice 
killed with type E filtrate in which the alpha 
toxin was neutralized. 


Discussion. The only major toxin produced 
by Cl. perfringens type E not formed by the 
other toxigenic strains is the iota toxin. Iota 
toxin is lethal, necrotizing, non-hemolytic and 
is activated by trypsin. 

It is assumed that the neutralization ob- 
served was due to the presence of iota anti- 
toxin as antitoxins of the other toxigenic types 
failed to protect mice when inoculated with 
type E filtrates used in these tests. The oc- 
currence of iota neutralizing antibodies in the 
sera of convalescent HF patients in higher 
concentrations than in the 50 control sera is of 
interest. Further studies are being carried 
out to determine if an increase in iota anti- 
toxin occurs during the course of HF. Cul- 
tural studies are also being conducted to deter- 
mine the toxigenic types of Cl. perfringens 
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isolated from the stools of HF patients and 
from the soil of the endemic area in Korea. 
Summary. Sera from 17 patients convalesc- 
ing from hemorrhagic fever and 50 normal 
controls were tested for the presence of neu- 
tralizing antibodies of Cl. perfringens iota 
toxin. Hemorrhagic fever sera contained a 
significantly higher quantity of neutralizing 
antibodies than did the control sera. 


We should like to express our thanks to Dr. 
McClung for the culture of Cl. perfringens type A, 
and to Dr. Warrack for the other toxigenic types, as 
well as for the type antitoxins made available by’ her 
from the Wellcome Research Laboratory. 
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(Introduced by Choh Hao Li.) 


From the Hormone Research Laboratory, University of California, Berkeley. 


As early as 1933, Selye, Collip and Thom- 
son(1) reported the successful removal of. ‘the 
pituitary from female albino mice; no data'on 
survival were included, although it was stated 
that mice hypophysectomized by the para- 
pharyngeal approach tolerate the operation 
better than do rats. Four years later, Leblond 
and Nelson(2) published an extensive report 
on the histological changes observed in the 
adrenal, thyroid, and gonads of mice of the 
A and CBANWN strains following hypophysec- 
tomy; a high mortality during the first post- 
operative week was reported, although the 
animals that survived this critical period sub- 
sisted thereafter apparently with no special 
therapy. Subsequently, Thomas(3) described 
a technic for which he used 2 minute hooks in 
place of the more customary dental drill to 
break through the cranium. The procedure 
for mouse hypophysectomy described in the 
present communication utilizes the basic tech- 


* Aided in part by a grant from the Albert and 
Mary Lasker Foundation. The authors wish to 
thank Dr. C. H. Li for valuable discussions and en- 
couragement. 


nic of Smith(4), but introduces modifications 
which insure completeness of operation and 
make possible an operative survival approach- 
ing 100%. 

Materials and methods. Materials. A cork- 
topped board of convenient size is outfitted 
with 2 rubber bands held taut by thumbtacks 
in order to secure the limbs. For immobilizing 
the head, a malleable wire is stuck firmly into 
the board and bent so that the incisors of the 
animal can be hooked securely beneath it. A 
20-gauge one-inch injection needle bent at an 
angle of 120° serves admirably as a tracheal 
cannula. Cotton pledgets or miniature swabs 
are made by winding a small piece of cotton 
around the end of a pointed toothpick. These 
materials, together with a view of the oper- 
ative setup, may be seen in Fig. 1. Other 
necessary equipment, forceps, dental drill, No. 
5 dental burr, binocular magnifier mounted on 
a stand, and adjustable lighting, are similar 
to those required for the operation in the rat 
(5). Nembutal is used for anesthesia. 850 
mg of sodium pentobarbital (USP) dissolved 
in 4 ml of propylene glycol, 2 ml of ethanol, 
and 14 ml of water serves as a stable stock 


Operative setup for hypophysectomy of 


HUG. 


the mouse. 
solution.t After the concentrated solution 


is diluted with distilled H2O (1:4), injections 
are administered in a dose of 0.01 ml (0.085 
mg of sodium pentobarbital) per g of body 
weight. Operative technic. Just before opera- 
tion, the mouse is injected intraperitoneally 
first with the anesthetic agent and then with 
0.25 mg of cortisone. The ventral neck region 
is shaved, a longitudinal midline incision, 
measuring | cm, is made, extending downward 
from the center of the lower jaw, and the ster- 
nohyoid muscle is separated so that the curved 
injection needle can be hooked gently into the 
trachea. Following cannulation, the base of 
the skull is reached by the usual parapharyn- 
geal approach, as described for the rat(5). In 
the mouse, special care must be taken to dis- 
tinguish between the synchondrosis itself and 
the anteriorly located transverse venous sinus. 
For the best exposure of the underlying pitui- 
tary, the hole drilled into the cranium should 
be so placed that one-third is above and two- 
thirds are below the occipito-sphenoidal syn- 


t The commercial solution of nembutal was found 
to be unsatisfactory. 
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chondrosis. The intact lobes are then gently 
aspirated from the hypophyseal fossa; strong 
suction must be avoided since it ruptures the 
protective membrane which separates the 
pituitary from the brain proper. Upon re- 
moval of the gland, a pledget is inserted into 
the hole and the skin is closed with a single 
suture. Bleeding is usually negligible, and the 
pledget is removed before the animal is resus- 
citated. Postoperative care. Immediately 
following operation, the animal is placed in 
an atmosphere of 95% Ov-5% COz until it re- 
covers. It is then injected intraperitoneally 
with 1 mg of terramycin dissolved in 1 ml of 
5% glucose solution. A similar injection is 
given on the second postoperative day along 
with a subcutaneous injection of 0.25 mg of 
hydrocortisone. Most strains require no ad- 
ditional therapy. For the best assurance of 
survival, hypophysectomized mice should be 
kept in a room free from drafts, at a constant 
temperature of approximately 82° F. Com- 
pleteness of hypophysectomy. Immature fe- 
male mice of the BALB/c, A/He, C7, C3H 
and Swiss albino strains were hypophysecto- 
mized at 35 days of age by the technic de- 
scribed above. One month later they were 
sacrificed and their adrenals, ovaries and uteri 
were examined by gross observation for evi- 
dence of atrophy. These organs were then 
removed, dissected free from surrounding tis- 
sue and weighed on a Roller-Smith torsion 
balance. The non-operated animals were 
treated in a similar manner. 

The results are summarized in Table I. At 
the time of autopsy, the hypophyseal fossa was 
also examined with a binocular microscope for 
possible pituitary remnants. ~ Serial histo- 
logical sections of. the region were not made, 
since nearly all the operated animals showed 
marked atrophy of the organs associated with 
hypophyseal function. 

Discussion. The method outlined herein is 
a modification of the technic developed by 
Smith(4) for hypophysectomy of the rat. It 
has been used with success on 5 strains of 
mice whose body weight is not less than 
12 g. In smaller animals, difficulties in can- 
nulation, and bleeding from the cranium, have 
been encountered. Some workers prefer to 
dispense with tracheal cannulation and_ to 
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TABLE I. Effects of Hypophysectomy on Female Mice Operated on at 35 Days. 


-——Body wt, g— 


7 Organ wt, mg-————,, Width of tibial 


Operative No.of Day of At epiphyseal ear- 
Strain condition® animals operation autopsy Adrenal Ovary Uterus tilage plate, w 
BALB/c Ni 10 15 19 BAe Ot 51+ 04 45.7493 1035-422 

H 8 16 13 Molbase iibikas (07 ie ue (Ale PSS als) 
A/He N 11 15 20 89.2 47+ 38 5154284 120.8+45.9 
Vee 10 16 13 Wyse sl SSS ANG BSS i 60.2 + 1.1 
C57 N 10 13 19 S.ose2 O4se 8 60:0 2 8:2 119217 
H 8 15 14 1.5 = 1 li+ .1 49+ .5 48.5 + 2.3 
C3H N 7 18 23 AAG ANOS SE ey ese halal spats 13) 
H 10 18 15 Wire 2) TIL ail Gilss 46 58.0 + 1.1 
Swissalbino WN 4 19 23 ch ae AUNT 7/0 ael) GYURINES tery ale) SS O15) 
iH 5 22 9 Mefl amie  Ptete aa) AK ei ale COM 2a 


* All animals operated on at 35 days of age and _ sacrificed 


+ N=: Nonoperated. H = Hypophysectomized. 
¢{ Mean = stand. error, 


permit the animal to breathe intermittently; 
however, it has been our experience that the 
attendant manipulation precipitates rupture 
of the delicate blood vessels. 

All mice of the different strains after hy- 
pophysectomy show similar retardation of 
general body growth, inhibition of skeletal 
growth, and a marked degree of atrophy of the 
adrenals, ovaries and uteri. However, strain 
differences do become apparent during the 
postoperative period. Mice of the C3H and 
A/He strains require resuscitation in an oxy- 
gen-CO» atmosphere if better than 50% sur- 
vival is to be expected. In addition, the lat- 
ter strain must be supplied with an adrenal 
steroid following the operation and at regular 
intervals thereafter. 50% of the hypophysec- 
tomized females of the A/He strain not in- 
jected with hydrocortisone died within the 
first 24 hours and 80% were dead within 48 
hours, whereas none of the hypophysecto- 
mized mice treated with hydrocortisone suc- 
cumbed; 0.25 mg of hydrocortisone given sub- 
cutaneously as a saline suspension every tenth 
day was found to be sufficient to maintain this 


at 65 days. 


sensitive strain. C57BL, C3H, BALB/c and 
Swiss albino mice seem to survive indefinitely 
without further hormonal injections. 


Summary. A practical procedure for mouse 
hypophysectomy by the parapharyngeal ap- 
proach has been developed. Innovations in- 
clude tracheal cannulation, resuscitation in an 
O. atmosphere, and hydrocortisone therapy. 
Mice of the A/He strain are particularly vul- 
nerable to the effects of pituitary loss and will 
survive only if they are supplied with an 
adrenal steroid at regular intervals. On the 
others band, | amice = of" the’ (C57 Billy s@s ii 
BALB ¢ and Swiss albino strains do not re- 
quire special postoperative handling. 
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Fatty Liver Induced by Orotic Acid Feeding. 
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In the course of a study of the effects of 
orotic acid, a normal component of milk, on 
the nutrition of young rats, it was observed 
that several animals developed fatty livers(1). 
The present study was undertaken to deter- 
mine whether this effect can be consistently 
elicited. Since orotic acid is known to be the 
normal precursor of thymine and the methyl 
group of thymine is derived from the “C; 
pool” (2), it seemed possible that fatty livers 
induced by orotic acid derive from depletion 
of the available supply of methyl groups, an- 
alogous to the effects of nicotinamide(3) and 
glycocyamine(4). This possibility was tested 
by including various lipotropic agents in orotic 
acid containing diets. 

Experimental. Male rats of a locally main- 
tained strain(5), weighing 40-45 g, were 
placed on the various experimental diets, in 
groups of 10 rats each. The basal diet was as 
follows: casein 18%, salts(6) 5%, sucrose 
75%, corn oil 2%. To each 2 kg batch of diet 
was added the following vitamin supplement: 
cod liver oil 10 g, thiamine hydrochloride 25 
mg, inositol 500 mg, pyridoxine hydrochloride 
25 mg, riboflavin 50 mg, calcium pantothenate 
125 mg, niacin 500 mg, p-aminobenzoic acid 
250 mg, methylnaphthoquinone 25 mg, biotin 
2 mg. In addition, all diets contained 0.2% 


of sulfadiazine to limit the activity of the in- 
testinal flora. The diets of various groups, as 
shown in Table I, contained also the following 
special supplements: folic acid 5 mg/2 kilo, 
vit. By. 1 mg/2 kilo, methionine 0.8%, choline 
0.3%, thymine 1%, uracil 1%. The animals 
were sacrificed after 28 days and liver fat was 
determined by a method described previously 
(7). The results are summarized in Table I. 
Discussion. Although the mechanism re- 
mains obscure, it is apparent in Table I that 
the presence of orotic acid in the diet of the 
rat results in the accumulation of liver fat. 
Analysis of the lipid mixture from such livers 
revealed that the increase is almost entirely 
in the neutral fat component, much as in the 
fatty livers of choline-deficient animals. The 
fatty livers do not appear to relate to some 
general action of pyrimidines per se, since 
neither uracil nor thymine induced fat accu- 
mulation. The failure of folic acid, cobala- 
mine, methionine and choline to prevent the 
liver fat accumulation induced by orotic acid 
feeding would appear to eliminate the possi- 
bility that orotic acid, by forcing thymine 
synthesis, creates so serious a drain on the 
“C,” or methyl group supply that choline de- 
ficiency results. Indeed, the most heavily 
fatty livers observed in the entire series were 


TABLE I. Effect of Orotic Acid and Lipotropic Factors on Liver Fat. 


Liver fat, % (wet basis) 


Orotie acid, Special Wt gain, — 
% supplement g/day Liver wt, g Mean + S.E, Range 
- = 1 
0 0 2.9 7.07 5.8 .8 4.3— 7.2 
2 0 2.8 6.02 VA cas AT 5.2-13.8 
5 0 2.5 7.94 109 == 13 7.5-15.3 
1.0 0 2.4 9.07 13.6 + 1.4 8.3-17.0 
0 Folie, By» 3.0 6.50 5.9 =- 78 3.9— 9.7 
2 Idem 3.1 7.57 4.9 .6 3.6— 6.3 
5 v Sell 9.70 Dall ae Le 5.5-17.3 
1.0 if 2.8 9.50 10.1 + 2.3 5.8-14.8 
1.0 Methionine 1.9 5.36 12.7 + 1.6 7.6-16.1 
1.0 Choline 2.4 8.82 16.8 = 1.7 11.1-22.9 
0 Thymine 2.6 6.73 5.5 == 5 4.2— 6.2 
1.0 vs 1.8 7.24 13.4 + 1.4 7.8-21.6 
0 Uracil 2.8 7.23 4.8 .7 3.3- 6.5 
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those exhibited by rats receiving both orotic 
acid and choline. No alternate explanation 
of the effect of orotic acid on the neutral fat 
content of the rat liver is apparent at this 
time. 

Summary. 1. Inclusion of orotic acid in the 
diet of young rats results in fatty liver forma- 
tion. 2. Uracil and thymine, known to be 
synthesized from orotic acid, are without effect 
on liver fat content. 3. This effect of orotic 
acid is not counteracted by lipotropic factors 
such as folic acid, cobalamine, methionine or 
choline. 
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? 
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The objective of this study was the pro- 
duction for experimental purposes of anti- 
poliomyelitis sera of high titer, with a high 
degree of type-specificity. The report of Hirst 
and Gotlieb(1) of the production of highly 
specific antisera to influenza viruses by intra- 
venous injection of rabbits suggested that 
this approach might well serve our purpose. 
Levinson e¢ al.(2) have reported the produc- 
tion of antisera capable of neutralizing polio- 
myelitis viruses, by intravenous or intramus- 
cular injection of rabbits. They refer to 
earlier experience of other investigators in 
producing such neutralizing antibody in the 
serum of non-susceptible animals.t 

The results reported here consist of an ex- 
tension of the findings of Levinson’s group, 
by the use of smaller doses of virus as antigen 
given by the intravenous route. In addi- 
tion, a direct effect of the antisera alone on 
kidney cell culture has been observed. The 


* This work was aided by a grant from the 
National Foundation for Infantile Paralysis. 

+ By personal communication, Dr. Hubert Mal- 
herbe in the laboratory of Dr. John F. Enders has 
also reported the production of neutralizing antisera 
to poliomyelitis viruses, by intramuscular injection of 
rabbits with virus incorporated in oily adjuvants. 


main objective was achieved by repeated in- 
travenous injections of rabbits with small 
doses of each of two types of poliomyelitis 
viruses grown in tissue culture. The titer of 
antibody to the same type of virus as that 
used for antigen (homotypic) as well as to 
the other type of virus (heterotypic) have 
been determined by neutralization tests in tis- 
sue culture. 

Materials and methods. Type 1-Brunhilde 
and Type 2-YSK poliomyelitis viruses (ob- 
tained from Dr. Joseph L. Melnick, Yale Uni- 
versity) which had been grown in either 
monkey testicular or human uterine tissue 
culture were used as antigens to start immuni- 
zation of rabbits and for a booster dose at 5 
months. The 50% endpoints (negative log- 
arithm) of the cytopathogenic action of the 
viruses in HeLa culture were approximately 
5 and 4 respectively. For booster doses, at 6 
months or more from the beginning of im- 
munization, Type 1-Mahoney and Type 2- 
MEF! viruses grown in monkey kidney cul- 
ture (obtained from Connaught Laboratories, 
Torénto, Canada) were used. The 50% end- 
points of viral action in monkey kidney cul- 
ture were 6.4 and 5.3 respectively. Supernate 
from a lightly centrifuged culture served as 
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TABLE I. Development of Type 1 Neutralizing Antibody im Serum of Rabbits after Repeated 
~ Tntravenous Injections of Type 1 Poliomyelitis Virus. 


Interval since beginning immun. (no): | 5%. 6% 814, 142% ey 
%: ” last booster (wk) : =. 3 “ t e ae 
Total No. of doses: 6 7 8 9 


Reciprocal of dilution of serum at 50% endpoint of 
viral effect 


Rabbit No. 10 20 30 400 1800 Dead 
eee ae, 1a 20 5 110 600 14 180 
12 20 Dead 
14 30 330 380 1600 140 680 
Logy) ED; Mahoney virus in test: 2.4 Ph) 1.9 Dil 2.0 2.0 


antigen for injection. In neutralization tests, 
the Mahoney and MEF1 viruses were used. 
Equal parts of virus and serum dilution to be 
tested were mixed and incubated for one hour 
at 35°C. 0.1 ml of the mixture was added to 
0.5 ml nutritive medium in a tube containing 
one-week-old monkey kidney cells cultured 
directly on glass(3). (Screw-capped pyrex 
glass tubes which had been inoculated with 
approximately 50000 monkey kidney cells 
were received from Microbiological Asso- 
ciates, Bethesda, Md.) Occasionally, con- 
firmatory tests were made in HeLa cell cul- 
ture(5), usually 4 days after inoculation of 
pyrex glass test tubes with approximately 
30000 cells. Final observation of viral ac- 
tion was made at 5 or 7 days, depending on 
the condition of the control cultures, without 
added virus. The amount of virus introduced 
in all but one neutralization test was within 
the range of 50 to 250 EDs o (effective doses) ; 
i.e., 10'* to 1074 times the amount of virus 
at the 50% endpoint of cytopathogenic ac- 
tion of virus in simultaneous titration in nor- 
mal rabbit serum. Dilutions of virus in titra- 
tion and of antiserum for determining neutral- 
ization endpoints were made at 0.5 log incre- 
ments. Titrations were done in 3 to 6 repli- 
cate tubes. 50% endpoints have been cal- 
culated according to Reed and Muench(4). 
Serum endpoints are reported as the dilution 
of antiserum that was mixed with an equal 
volume of virus. Some values given in the 
tables represent the geometric mean of end- 
points found in 2 or 3 tests done on different 
days. 


Immunization schedule. New Zealand white 
rabbits weighing 2-3 kg were injected in- 
travenously. Two groups of 5 rabbits each 


were given 6 doses of 2 ml tissue culture virus 
of Type 1 or Type 2 as 3 doses a week for 2 
weeks. At 5 months from the beginning of im- 
munization, a booster dose of 1 ml was given. 
At approximately 6, 7 and 8 months, 2 ml 
each, and at 15 months, 3 ml booster doses 
of virus grown in monkey kidney culture were 
given. The rabbits were bled by cardiac 
puncture before, and 1 month after the be- 
ginning of immunization. They were bled 
also from 1 to 3 weeks after each booster 
dose. No anaphylactic reactions were ob- 
served. The rabbits continued to gain weight 
during the course of immunization. Deaths 
which occurred were not related to time of 
injection. 

Results of homotypic neutralization tests. 
In each neutralization test, a “normal” serum 
control was included. This consisted of sev- 
eral pools of serum from the same rabbits 
taken before immunization, mixed with the 
same amount of virus as in the test. When 
the normal serum pool was tested ‘“‘undiluted” 
there was no evidence of neutralization. A 
more sensitive test for the presence of any 
neutralizing capacity of pre-immunization 
serum consisted of titration of virus mixed 
with undiluted serum, either compared simul- 
taneously with virus titrated in Earle’s solu- 
tion or with the expected titer based on 21 
titrations with Mahoney, and on 22 titrations 
with MEFI1 virus. With Mahoney virus, 5 
separate titrations in monkey kidney culture 
and with MEF 1 virus, 4 titrations in monkey 
kidney (and 1 in HeLa culture) yielded the 
expected, or observed, equal titer. Thus there 
was no evidence of any neutralizing effect of 


the serum of these rabbits before immuniza- 
tion. 


Rappit ANTISERA TO POLIOMYELITIS VIRUSES 


273 


TABLE IT. Development of Type 2 Neutralizing Autibody in Serum of Rabbits after Repeated 
Intravenous Injections of Type 2 Poliomyelitis Virus. 


Interval since beginning immun. (mo) : 
> 
: ” last booster.(wk) : 

Total No. of doses (2 ml each) : 


i eis Pos 8 14% 15 
3 2 1 eee se 
6 7 8 9 9 10 


Reeiprocal of dilution of serum at 50% endpoint of 


Rabbit No. 2 


Logi ED;, MEF 1 virus in test: 


‘Table I shows the neutralizing capacity of 
anti-Type 1 serum vs. homotypic Mahoney 
virus. Antibody was demonstrable in all 4 
rabbits at 1 month, the level rising with 3 
booster doses up to 8'4 months after the 
beginning of immunization when endpoints 
of serum of the 3 surviving rabbits ranged 
from 600 to 1800. During a subsequent rest 
period of 6 months, endpoints fell although 
antibody was still demonstrable. A  subse- 
quent booster dose in the 2 remaining rabbits 
raised the endpoints to moderately high levels, 
although not quite up to the maxima observed 
at 8 months. 

Table II gives the endpoints of neutraliza- 
tion of anti-Type 2 sera vs. homotypic MEF 1 
virus. All 5 rabbits showed an antibody re- 
sponse of from 10 to 100 by the end of the 
first month. With 2 or 3 subsequent booster 
doses, levels rose to give endpoints at 8 
months of from 2000 to 5600. After a rest 
period of nearly 7 months, antibody fell to 
moderate levels in the 2 surviving rabbits and 
rose somewhat again after one more antigenic 
stimulus. 

Results of heterotypic neutralization tests. 
Table III gives the results of cross neutrali- 
zation tests. The sera of 3 rabbits before im- 
munization with Type 2 poliomyelitis virus 
showed no effect on Type 1 virus. By 6!” 
months after beginning of immunization, after 
2 booster doses, sera of 2 of 3 rabbits showed 
endpoints of 10 each, the third, 0. An addi- 
tional booster by 8 months did not increase 
this cross reaction. (The homotypic endpoint 
ranged from 2000 to 5600 in these three 
samples of serum.) None of 3 anti-Type 1 
antisera (see Table III) showed heterotypic 
antibody by nearly 6 months, after 6 doses of 


viral effect 


30 =. 280 1700 5600 Dead 
100 3800 5000 #8 2500 400 560 
10 3850 2800 #8 2000 560 1000 
- 30 Dead 
100 # 


Wee} Le) 2.0 Is 1.8 1.8 1.8 


virus plus a booster dose. After a second and 
third booster dose, at approximately 7 and 8 
months, | (or possibly 2) of 3 sera showed a 
minimal amount of cross neutralization. The 
homotypic endpoints of these sera at 8% 
months ranged from 600 to 1800. Later 
samples of sera were not tested vs. hetero- 
typic virus because of a complicating reaction 
which will be described in the next section. 
Immuno-cyto pathogenic effect of antiserum. 
Since the initial series of injections as well as 
the first booster dose in the rabbits consisted 
of virus grown in human uterus or in monkey 
testis, the possibility of a reaction of the anti- 
sera directly on the monkey kidney cells was 
not as great as if the virus had been grown 
in the same type of cells as that used in the 
neutralization test. Indeed, the antisera be- 
ing studied for antiviral activity showed no 
direct effect on monkey kidney cells until the 
7 and 8 months’ samples, after the rabbits 
had received their first exposure to virus 
grown in monkey kidney culture as 1 and 2 
additional booster doses. The serum of one 
(#10) of the 6 rabbits remaining showed 
cytopathogenic effect at a 1/6 final dilution 
of serum; 7.e., 0.1 ml undiluted serum added 
to 0.5 ml culture fluid. After the third booster 
dose of monkey kidney grown virus at 15 
months, sera of all 4 rabbits surviving pro- 
duced an untoward effect on monkey kidney 
cells in culture. The reaction consisted of 
either lysis of agglutination of the cells, re- 
sulting in the extreme in their complete de- 
struction or their falling off the wall of the 
test tube. The reaction is comparable to that 
observed when HeLa cells were exposed to 
antiserum prepared in rabbits by intravenous 
injection of HeLa cell constituents(6). The 
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TABLE IIT. Degree of Cross Type Neutralization of Anti-Poliomyelitis Sera Produced in 
Rabbits. 


—————————————————————————————————————————————————— ————————— 
Anti-Type 2 serum vs. Anti-Type 1 serum vs. 
Type 1 (Mahoney) virus Type 2 (MEF 1) virus 


Interval since beginning Immun. (M0): — 5% 61, 8 5% 6% 8%, 
ey last booster (wk) : — 3 2 ] 3 2 1 
Total No. of doses: 0 ii s 9 7 8 9 
= Sr Rabbit Rabbit 
No. No. 
2 (i) 0) 0 0 10 ) 10 3 
15 0 0 10 2 11 0 2 0 
16 0 10 10 10 14 0 0 0 
Log) EDs) virus: 2.1 7 2.2 2.4 ze 1.9 2.8 


addition of neutral red at a final dilution of 
1/100,000, observed to be compatible with 
healthy cells, helped to visualize the reaction. 
One antiserum (rabbit #14, 15 months’ sam- 
ple) was tested repeatedly, yielding an aver- 
age 50% endpoint of 30 of anti-kidney cell 
reaction. The endpoint of homotypic virus 
neutralization by this serum was 680. 

The possibility of a cytopathogenic action 
on cells in culture not due to virus must be 
taken into account when carrying out neutral- 
ization tests, especially with high concentra- 
tions of antiserum such as used in hetero- 
typic tests. Unless the antiserum alone is 
shown to have no effect on the cells in culture, 
this anti-cellular reaction could be mistaken 
for lack of cross neutralization. 

Summary. A simple and inexpensive meth- 
od for producing antisera with a high degree 
of neutralizing capacity for poliomyelitis 
viruses has been described. By repeated in- 
travenous injection of rabbits with small doses 
of poliomyelitis viruses grown in tissue cul- 


ture, antisera with a high degree of homo- 
typic with little or no heterotypic neutraliz- 
ing capacity have been produced regularly. 
Such antisera develop also to a lesser degree 
the capacity to lyse or agglutinate the cells in 
culture, in the absence of virus. When test- 
ing tor heterotypic neutralization, this reac- 
tion may mask cross neutralization. 
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Reserpine and chlorpromazine have some- 
what similar effects on animal behavior. Both 
drugs depress general activity (1,2) and reduce 
responsiveness to environmental stimuli(3-6). 
Both drugs also tend to cause hypothermia 
(1,4,8). This study attempted to determine 
whether two forms of basically unlearned 
motor behavior related to low temperature 
could be influenced by moderate amounts of 
these drugs. Hypothermia resulting from 
drug treatment might be expected to cause 
preference for a warm environment and _ in- 
creased nest building in rats; but general seda- 
tion, if marked, would tend to depress both 
nest building and active search for the pre- 
ferred thermal environment. 


Methods. Twenty-four male albino rats of 
Wistar stock, 120-180 days old and 275 g 
average weight were used. Thermal prefer- 
ence was measured in an apparatus consisting 
of 2 interconnecting plywood units (5 x 5 x 
32 in.) in which the temperatures could be in- 
dependently regulated by means of strip heat- 
ers(7). The temperatures were set at 14- 
18°C (room temperature), and 32-36°C, alter- 
nated each day with respect to unit heated. 
Illumination was provided by an overhead 
light. Each animal was given a daily test in 
the apparatus lasting 4 minutes. Every 10 
seconds during the last 3 minutes of the period 
a notation was made of the unit in which the 
animal appeared. Preference was measured 
in terms of the frequency with which the ani- 
mal appeared in the warmer unit. Thus a 
score from 0-18 was possible. Animals were 
maintained in large nesting cages (24 x 18 x 
12 in.) with food and water always available. 
Nesting material was provided in the form ot 
150 g of wood shavings and 50 g of paper 
stripping. Each evening previous nests were 
broken up and the nesting material scattered 


* Public Health Service Research Fellow of the 
National Institutes of Health. 


throughout the cage. On the following morn- 
ing the nests were rated independently by the 
experimenter and a second person, using the 
scale of Stone and Walker(9). Ratings range 
from 0 for no evidence of a nest to 5.0 for an 
excellent nest. Room temperature was re- 
duced to 10-14°C during the night to promote 
nesting and raised to 25°C between nesting 
periods. The first part of the experiment was 
a pre-drug phase of 4 days. Groups of animals 
equated on a basis of nesting performance 
were then assigned to the experimental treat- 
ments indicated in Table I. During this 
phase, subcutaneous injections of the drugs 
were given one hour before start of the nesting 
period. Reserpine was given as .25% solution 
in a propylene glycol base, chlorpromazine as 
2% solution in isotonic saline. 

Results. The results for nesting and ther- 
mal preference are shown in Fig. 1. The data 
were treated by 2-way analyses of variance in 
which effects of each drug and their possible 
interactions could be segregated. Pre-drug 
data showed no statistically significant group 
differences but thermal preference behavior 
was selective in ‘that all animals preferred the 
cooler unit. 

As shown by Fig. 1, reserpine affected both 
thermal preference and nesting behavior much 
more strongly than chlorpromazine. On the 
3rd and 4th days of reserpine treatment 
(groups R and ChR) nest building was effec- 
tively abolished (p <.001) and a reversed 
preference for the warmer environment was 
established (.05>p>.02; significance of mean 
frequency above expected chance frequency of 
9). Chlorpromazine (groups Ch and ChR) 
inhibited nesting following the first and second 
injections. After the second day the apparent 
slight depression of nesting was of doubtful 
statistical significance (p — .05). Chlorpro- 
mazine alone had no effect on thermal prefer- 
ence. Disturbed thermal preference was evi- 
dent for several days after discontinuing re- 
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EFFECTS OF RESERPINE AND CHLORPROMAZINE 


TABLE I. Experimental Groups. 


Group N Treatment 
R 6 Reserpine 
Chk OF Chlorpromazine 
Reserpine 
Ch 6 Chlorpromazine 
C 6 Tsotonie saline 


45) mg/kg for 3 days ; 


Dose 


.25 mg/kg on 4th day 
10 mg/kg for 4 days 

5 mg/kg for 3 days; .25 mg/kg on 4th day 
10 mg/kg for 6 days; 15 mg/kg for 2 days 
Comparable volumes to group Ch 


* All data discarded for one animal that died after first inj.; data for a second animal that 


died on 5th day was ineluded in the analyses. 


serpine but nest building recovered within one 
day. 

Weight changes during nesting periods were 
also measured. Declines in weight, presum- 


ably reflecting reduced food intake, accom- 
Prompt recov- 


panied the depressed nesting. 


THERMAL PREFERENCE 
+  % @ 


ine) 


Pre-drug Phase 


NEST RATING 


ery of weight followed discontinuance of re- 
serpine injections. 

Discussion. Both reserpine and chlorpro- 
mazine affected nesting behavior and weight 
loss but, with the doses used, the effects of re- 
serpine were clearly much greater. Reserpine 
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DAYS 


MIG, 1. Mean thermal preference seores and nest ratings. 
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alone affected thermal preference. Slight in- 
dications of synergic effects of the 2 drugs 
were seen but not statistically verified. The 
persistence of preference for a warmer environ- 
ment for several days after discontinuing re- 
serpine injections might be due to a persistent 
drug effect or to a persistence of a behavior 
learned during the drug phase. 


It is of interest that reserpine greatly de- 
pressed one adaptive behavioral reaction 
(nest building) to the hypothermic state pre- 
sumably resulting from the doses used but 
promoted another (choice of a warm environ- 
ment). This difference may be related to the 
marked differences in the nature of the behav- 
ioral responses tested and the methods of test- 
ing. The thermal preference test involved 
arousal of the animal by handling, which could 
be expected to last throughout the 4-minute 
test period; nest building required long per- 
sistent activity under conditions of minimal 
disturbance. Reserpine-treated animals were 
easily aroused and quite active while awake 
but readily fell into a deep sleep when not 
disturbed. The experiment does not exclude, 
however, the possibility of a differential drug 
effect on mediational mechanisms of the two 
behaviors. The implications for behavioral 
research with reserpine in terms of distinguish- 
ing between sedative effects of the drug and 
other more specific actions are apparent. 
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Summary. Effects_of reserpine, chlorpro- 
mazine and combined drugs on nest building 
and thermal preference of rats are described. 
In the doses used, reserpine alone had a 
marked and persistent effect on these func- 
tions. It depressed nest building while pro- 
moting choice of a warm environment. The 
differential behavioral effect is thought to be 
related to the great differences in persistence 
of activity required for the two tests and the 
ability of reserpine-treated animals to main- 
tain alertness for brief periods after handling. 
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Total Plasma Ascorbic Acid as Index of Stress in the Rat. (22008) 


JOHN E. ALLISON. 


(Introduced by W. F. Alexander.) 


From Department of Anatomy, St. Louis University School of Medicine. 


One of the manifestations of physiologic 
stress is an increase in the production by the 
adenohypophysis of adrenocorticotrophin 
(ACTH) (1). A temporary rise in the concen- 
tration of total plasma ascorbic acid and 
plasma ascorbic acid following administration 
of ACTH in man has been reported(2). 

As a preliminary to further experiments, it 
was deemed desirable to compare the sensi- 
tivity of this index of stress and_ possible 
ACTH titer in the blood of albino rats with 


other such indices. 

Methods. Animals in one group were anes- 
thetized with sodium-ethyl-methyl-butyl-bar- 
biturate (Nembutal) for 2 hours. Those in 
Group 2 were anesthetized with Nembutal for 
2 hours and during this time non-activated 
electrodes were kept in contact with the left 
cervical sympathetic trunk just posterior to 
the superior cervical ganglion. The third 
group was treated like Group 2 except that 
the electrodes were activated so that the sym- 


TABLE I. Average % Increase or Decrease fol- 


lowing Treatment Indicated. 


Nembutal 
with non- Nembutal 
Component Nembutal activated with | 
of blood only electrodes stimulation 
Aseorbie acid +14.15 +17.97 + 23.86 
(Bay (18) (15) 
Eosinophils — 10.39 — 25.50 — 42.89 
(20) (20) (31) 
Lymphocytes — 31.27 — 37.55 - 43.84 
(17) Ci) (29) 
Neutrophils -+55.26 +66.67 +-56.22 
(18) Cu) (30) 


* Figures in parentheses = No. of animals. 


pathetic trunk was receiving .05 to .07 volt 
impulses of 20 milli-second duration from a 
square wave stimulator 20 times every second. 
Prior to attachment of the electrodes, a sec- 
tion of the vagus nerve in the region being 
stimulated was removed from animals in 
Group 2 and 3 to avoid death from cardiac 
or respiratory failure during the 2-hour period 
of treatment. Stimulated animals that did 
not exhibit sustained expansion of the pupil 
on the activated side were discarded. Blood 
counts and total plasma ascorbic acid deter- 
minations were made before and after treat- 
ment. Blood was usually taken from the tail. 
It was taken from the heart in only 4 cases. 
These 4 were giving excellent results but 
enough blood could not be obtained from the 
tail. The leucocyte count of blood taken from 
the heart differs from that of blood taken from 
the tail(3). The Roe and Kuether method of 
determining plasma ascorbic acid was used 
(4). Diet and temperature were maintained 
relatively constant. The experiments were 
started at the same time every day. Rats 
used were young adult males, all about the 
same age and weight, from the E. A. Doisy 


TABLE Il. Pereent of Animals Treated Showing 
an Increase or Decrease in Blood Components. 


Nembutal 
with non- Nembutal 
Nembutal activated with 
Component only electrodes — stimulation 


ot blood 


Iner. Deer. Iner. Deer. Iner. Deer. 


Ascorbie acid 100 100 100 


Josinophils 40 60 10.) 90 OFF 90 
Lymphocytes 12 88 12 488 a 
Neutrophils 100 100 


93 7 
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Biochemical Laboratories, Saint Louis Univer- 
sity Medical School. 

Results. The 3 types of treatment outlined 
above produce temporary manifestations of 
stress, and thereby possibly of ACTH titer in 
the blood, demonstrable by each of the criteria 
used. Such manifestations are eosinopenia. 
lymphopenia, neutrocytosis and an increase in 
the total plasma ascorbic acid. The average 
percent changes in the eosinophil and lympho- 
cyte counts and in the plasma ascorbic acid 
determinations, indicate that animals with 
non-activated electrodes attached were sub- 
jected to greater stress than were those re- 
ceiving Nembutal only, and that activation 
of the electrodes caused the most severe stress 
(Table I). The average percent increase in 
neutrophils was not as great in the stimulated 
animals as it was in animals having non-acti- 
vated electrodes attached (Table I). There- 


TABLE IIT. Levels of Significance (P) of Dif- 
ferences between Methods of Treatment Indicated. 


yx 
; g 2 a 
SEne $Exte FE: 
Ae) Sy Sah ei eS 
S vs FH nsea Oda 
Bice) SS ainunso AOoe 
= eo SA58S S85 
oO SBSoea8 Soe 
= fa ES eet GF a 
SS Sesie, Ae 
_ = = EE Fai c 
Component z Sa R85 Boi = 
a = a iS oa corm 
ot blood > Ansan Ases 
Ascorbie acid 105 046 
Kosinophils 015 <.001 
Lymphocytes 393 -083 
Neutrophils == 809 


fore, the neutrophil count is probably not a 
reliable index of ACTH titer in the blood. 
This conclusion is upheld by other workers 
(Go) he 

From Table II it is seen that during 2 
hours of treatment, all the animals in each of 
the 3 groups show an increase in plasma 
ascorbic acid, whereas a few from each group 
paradoxically show eosinophilia and lympho- 
cytosis. 

Thus it would appear that plasma ascorbic 
acid is the most reliable index of stress even 
though statistical analysis of the overall re- 
sults (Table IIT) points to eosinopenia as the 
most sensitive indicator. 

Summary. The effect of electrical stimula- 
tion of the cervical sympathetic trunk on the 
number of eosinophils, lymphocytes and neu- 
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trophils and on the total plasma ascorbic acid 
in the blood of the rat, indicates that the 
amount of total plasma ascorbic acid rises 
temporarily in these animals following this 
type of stress and that it is a reliable index of 
the severity of such stress and possibly of 
ACTH production following such stimulation. 
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Effect of Intrinsic Factor Concentrate on Vit. B,;. Absorption by 


Gastrectomized Rats. 


(22009) 


Bacon F. CuHow, JULIAN K. QUATTLEBAUM, JR., AND CHARLES ROSENBLUM. 


From the Departments of Surgery, The Medical School, of Biochemistry, School of Hygiene and 
Public Health, Johns Hopkins University, Baltimore, Md., and Research Laboratories, 
Merck & Co., Rahway, N. J. 


A recent attempt(1) to use normal rats to 
test the potency of an intrinsic factor prepara- 
tion revealed only an inhibitory effect on the 
absorption of oral vit. By. by this test animal. 
Normal rats had been employed for this study 
which involved doses of 4.2 and 0.42 yng of 
radioactive vitamin labeled with cobalt 60. 

Normal rats do not develop a macrocytic 
anemia comparable to pernicious anemia, and 
may thus be considered a@ priori unsuitable for 
the evaluation of intrinsic factor potency. In 
humans, however, gastrectomized individuals 
(2,3) have been employed successfully to 
demonstrate intrinsic factor despite the ab- 
sence of anemia or megaloblastic marrow. 
This suggested the possibility that gastrecto- 
mized rats would serve as appropriate test 
animals. Accordingly studies were undertaken 
to examine the effect of potent intrinsic factor 
concentrates upon the extent of absorption of 
radioactive vit. B,;» by gastrectomized rats. 
Furthermore, physiological doses of 200 myg 
and 50 myg of vitamin, and 2 different intrin- 
sic factor concentrates, were investigated. 

Methods. Adult rats of different strains 
weighing 200-300 g were used. Upon open 
ether anesthesia total gastrectomy was per- 
formed utilizing an end to end esophagoduo- 
denostomy to restore intestinal continuity. 
Fine silk was used for sutures and ligatures 


throughout. Total removal of the stomach 
was verified in each instance by histological 
preparation of a saggital section through the 
removed organ. In general at least 10 days 
were allowed for recovery from the operation 
before transfer of the animals to the nutrition 
laboratory. During the first 10 days after op- 
eration, the animals were fed on a milk and 
bread diet and lost about 10% of pre-opera- 
tive body weight. Subsequently, they were 
offered a basal soybean diet, and during test 
periods were given 10 g of this diet daily. 
Materials. Two commercially available in- 
trinsic factor concentrates were employed. 
Preparation I was used only in preliminary 
study (Series A) with low specific activity 
vit. By2-Co“. Its clinical potency was not re- 
tested. Preparation II was of proven potency 
at 40 mg, as tested hematologically and by the 
Schilling method(4), and at 20 mg by the 
latter procedure. Its binding power was de- 
termined by the tracer-dialysis method(5) to 
be 250 mug/mg. The vit. By,» labeled with 
Co® employed in the preliminary study had 
a specific activity of ~ 55 ywc/mg; and the 
activity of the second preparation, used in 3 
additional definitive studies, was ~ 200 pc 
mg. 

Method. Four series of experiments (A, B, 
C and D) were performed in such manncr 
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TABLE I. Summary of Fecal Exeretion Results—Gastrectomized Rats vs Controls. 


Dura- No. of animals Group avg % of dose excreted 
tion Gastree- . 
Series myg By, mgIF Phase (days) tomized Control  Gastrectomized Controls 
A 200 co 1. aeons 2 107 Tl eee 
10 II 4 1 2 109 95 + 3 
B 200 0 It 7 4 4 102.0+5.8 84.9 = 5.1 
3 ii 2 4 4 96.4+2.6 >82.94 6.4 
C 50 0 I 8 4 4 101.7 + 4.1 62.4 + 14.5 
15 II 4 4 4 100.5 + 2.9 9754 2.8 
D 50 0 I 6 6 6 99.4 + 5.0 50.0 + 13.6 
ey AN Ce VEN 6 De 6 104.6 + 3.0 71.0 + 17.2 
1 TII & II 6 4* 6 99.9 + 4.7 986+ 3.5 


* One animal was found dead before conelusion of this phase. 


that each rat served as its own control. After 
a 24-hour basal collection period, each animal 
received a 50-200 mug of Co vit. Bis by 
stomach syringe, and feces collected daily 
until fecal radioactivity was negligible (Phase 
I). Then the same dose of tracer was admin- 
istered simultaneously with a fixed amount of 
intrinsic factor concentrate, and collections 
continued as before (Phase II). In one series 
(D) a third phase involving administration of 
additional intrinsic factor was introduced. In 
this series, control and gastrectomized rats 
were each divided into 2 groups for Phase IJ, 
one group receiving 0.2 mg of concentrate, 
the second group receiving 1 mg. During 
Phase III, these dosages were reversed. In 
Series A, animals were fed milk to flush out 
their bowels at the conclusion of Phase I. 
Radioactivity measurements by gamma ray 
scintillation counting(1,5) were performed on 
feces homogenates in water suspension. Al- 
though stools were collected daily, several 
daily collections were combined for measure- 
ment in certain instances. Excretion was es- 
sentially complete in 3-4 days. No radio- 
metric examination was made of rat organs. 

Results of excretion measurements were cal- 
culated as ““% of Dose.” A large value signi- 
fies negligible absorption, while a low excre- 
tion indicates absorption. Basal periods are 
not reported since activities were zero. Basal 
corrections for Phases II and III were based 
upon the average activity (usually negligible) 
excreted for the 2 days immediately preceding 
these phases. 

Group average excretion values (+ aver- 
age deviation from the mean) are compiled in 


Table I for each of the 4 series. Also shown 
are the doses of vit. By2 and intrinsic factor 
administered, the duration of each phase and 
the number of animals employed. Series D 
excretions listed for phases II and III ac- 
tually represent averages for 0.2 and 1.0 mg 
intrinsic factor fed in both phases. 

Discussion. In none of the 4 series did the 
gastrectomized rats absorb significant amounts 
of vit. By. within our experimental error, re- 
gardless of the presence of intrinsic factor; 
and in Series A, C and D, intrinsic factor re- 
duced absorption by the control rats to essen- 
tially zero. This inhibitory effect of intrinsic 
factor is not shown in Series B control ani- 
mals, in part because fecal collections during 
the second phase (plus intrinsic factor) was 
discontinued after the second day. Undoubt- 
edly further excretion of radioactivity would 
have been noted had the experiment been 
continued. Furthermore, it is questionable 
whether complete inhibition could be attained 
in this experiment in view of the low ratio 
(3.75) of intrinsic factor binding capacity to 
Bio dose. 

Series C and D were performed with 50 
myg of radioactive vitamin since the percent- 
age absorption would be greater than at the 
200 mug level, and because 50 mug represents 
a physiological dose equivalent weight-wise 
to 10-12 ug per adult human. In these ex- 
periments it was established unequivocally 
that gastrectomized rats absorb only a negli- 
gible fraction of the oral vitamin, whether or 
not intrinsic factor is administered, and that 
intrinsic factor inhibits absorption of the vita- 
min by the controls. 


INTRINSIC FACTOR CONCENTRATE ON VIT. Bi. ABSORPTION 


In Series C, the quantity of intrinsic factor 
concentrate employed (15 mg) was dispropor- 
tionately large, but was reduced in Series D 
to 1.0 mg and 0.2 mg, the latter amount being 
calculated just to bind completely the oral vit. 
B,» dose (i.e. binding power 250 mug/mg or 
SO mug/0.2 mg). Complete inhibition of ab- 
sorption occurs even with 1 mg of concen- 
trate; and at 0.2 mg inhibition is still evident 
though to a reduced extent. It appears that 
complete inhibition of vit. B;» absorption oc- 
curs when the ratio (IF binding capacity) / 
(vit. By. dose) is approximately 5. Until 
such an excess capacity is established, inhibi- 
tion increases gradually with increasing quan- 
tity of intrinsic factor. 


Obviously, the rat, gastrectomized or nor- 
mal, is not a suitable animal for testing in- 
trinsic factor activity, which causes only a 
diminished absorption in normal rats and 
which has no effect on gastrectomized animals. 
It is possible that the rat can utilize only en- 
dogenous intrinsic factor and that intrinsic 
factor of foreign origin is ineffective and in- 
hibitory. The behavior of the gastrectomized 
animals may also indicate that the stomach 
is the major seat of vit. By. absorption by the 
rat. These points are to be tested by experi- 
ments with rat stomach concentrate. If this 
concentrate proves to be effective, it will dem- 
onstrate species specificity in the action of 
intrinsic factor. 

The livers of gastrectomized rats contain an 
abnormally low vit. By2 content, as would be 
expected from their inability to absorb ap- 
preciable quantities of the vitamin orally. 

On a weight basis, the rat appears capable 
of absorbing greater quantities than the hu- 
man. Thus, in the absence of intrinsic fac- 
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tor, absorption from-an oral dose of 50 mpg 
amounts to 20-25 mug; and from 200 myg, 
absorption is 30 myg. The equivalent dose 
figures for a 60 kg human would be 10 pg and 
40 wg, and the corresponding absorption would 
amount to 4-6 png. Actually the human ab- 
sorbs(6) only 1.5 wg from such oral levels. 

Summary. 1. Gastrectomized rats and ap- 
propriate control animals were fed 50-200 
mpg cobalt-60 labeled vit. By. with and with- 
out intrinsic factor concentrates. Absorption 
was determined by scintillation counting of 
feces homogenates. 2. No absorption of vit. 
Bi» by the gastrectomized animals was noted. 
3. Absorption by control animals was inhib- 
ited by intrinsic factor concentrate, the extent 
of inhibition increasing with the quantity of 
concentrate administered. 


The authors are grateful to Miss Hazel E. DeLisle 
of the Research Laboratories, Merck & Co., Inc. for 
her part in the performance of the radioactivity 
measurements. 
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Effect of Chlorpromazine upon Epileptic and Normal Monkeys.* 


(22010) 


Lenore M. Kopetorr, JosepH G. Cuusip,t AND NICHOLAS KOPELOFF. 


From the Department of Bacteriology, N. Y. State Psychiatric Institute and Hospital, N. Y. City. 


The widespread use of chlorpromazine in 
treatment of disorders affecting the nervous 
system of man suggested the advisability of a 
study of its effects upon epileptic and normal 
monkeys. 

Method. Chronic experimental epilepsy 
was produced in 13 Macaca mulatta (3-4 kg) 
by the application of alumina cream to a cere- 
bral cortical area(1). Discs containing alu- 
mina cream were applied to a principal sensori- 
motor area in 10 monkeys; multiple injections 
of alumina cream were made into an occipital 
cortical area in 2 monkeys and into an anterior 
mesial temporal area in the remaining monkey. 
Cerebral arteries (anterior, middle cerebral or 
carotid) were ligated in some monkeys in an 
effort to modify the clinical epilepsy produced. 
Chlorpromazine in doses of 2 mg/kg or 10 
mg/kg was injected intravenously within one 
minute and the animals observed subsequently 
for a period of 4 hours during which behav- 
ioral, clinical and _ electroencephalographic 
studies were made. A total of 40 test injec- 
tions (spaced at approximately biweekly in- 
tervals) were given to the experimental group. 
Clinical epileptic seizures were activated by 
vigorous prodding for one minute or by the 
intramuscular injection of small doses (16 
mg/kg or less) of pentamethylenetetrazole 
(Metrazol®). Five normal unoperated mon- 
keys were treated with chlorpromazine on 14 
occasions and served as controls. In this 
group the effect of vigorous prodding as well as 
of intramuscular Metrazol (32 mg/kg) was 
similarly tested(2). 

Results. Profound changes in behavior fol- 
lowing intravenous injection of chlorpromazine 
occurred in both epileptic and normal mon- 
keys. Within 1-2 minutes the animals became 
quieter, less aggressive, lethargic, flaccid and 
hypokinetic. They were soon unable to main- 
tain a sitting or standing posture, becoming 


* Aided in part by Grant M 651 NIMH, USPHS. 
+ Neurological Division, St. 
NS YeeCity: 


Vincent’s Hospital, 


progressively more stuporous; eyelids re- 
mained drooped or closed, and increased saliv- 
ation and tachypnea were frequently noted. 
On being touched, the monkeys would occa- 
sionally make feeble efforts to blink eyelids, 
open mouth or withdraw a stimulated limb. 
Jerking myoclonic type movements of the 
body, tail or extremities sometimes occurred. 
Epileptic monkeys occasionally exhibited a 
typical focal or generalized motor convulsion 
spontaneously during chlorpromazine treat- 
ment. Maximum behavioral changes lasted 
30 to 60 minutes, subsiding gradually there- 
after within the next 4 to 6 hours. Effects 
were generally more marked and _ sustained 
with the larger doses used. 


Pronounced electroencephalographic chang- 
es occurred within 1-2 minutes after the in- 
travenous administration of chlorpromazine. 
Diffusely distributed slow waves with fre- 
quency of 2 to 5 per second and maximum 
amplitude of 150 microvolts became dominant. 
Against this slow wave background, there was 
usually noted in epileptic monkeys a striking 
pattern of increased spike and sharp wave dis- 
charges (Fig. 1). 

Among the epileptic monkeys treated with 
chlorpromazine, the intramuscular injection of 
16 mg/kg or less of Metrazol was uniformly 
effective in provoking clinical epileptic seiz- 
ures. In some animals of this group, while un- 
der the influence of chlorpromazine, a smaller 
dose of intramuscular Metrazol was sometimes 
effective in provoking a seizure than was ne- 
cessary in the untreated state. Normal con- 
trol monkeys exhibited no clinical epileptic 
seizures while under the acute influence of 
chlorpromazine despite the use of relatively 
large doses of intramuscular Metrazol (32 
mg/kg). 

Vigorous prodding of epileptic monkeys fol- 
lowing chlorpromazine treatment usually re- 
sulted in the activation of clinical epileptic 
seizures. Normal monkeys similarly stimu- 
lated while under the effect of chlorpromazine 
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electrocardiogram. Calibration: 
never showed evidence of clinical seizures. 

Discussion. In general the behavior of the 
epileptic and normal monkeys following the 
intravenous administration of large doses of 
chlorpromazine did not differ significantly, and 
resembled that described by Das et al.(3) for 
normal monkeys. Striking EEG changes 
noted in chlorpromazine-treated monkeys con- 
sisted of the prompt appearance of diffuse high 
amplitude slow frequencies. In the epileptic 
monkeys, there was, in addition, increased 
spike and sharp wave formations. This latter 
effect may be similar in type to that often en- 
countered in man, where somnolence, or nat- 
ural or drug induced light sleep increases the 
appearance of spike discharges(4). Chlorpro- 
mazine did not protect any epileptic monkey 
against the seizure precipitating effect of small 
doses of Metrazol. Some of these animals 
appeared to be even more susceptible since 
they required a smaller threshold dose to pro- 
voke clinical seizures. Normal monkeys, 
however, always remained refractory to intra- 
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Normal monkey (804) on left; 
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muscular Metrazol even with the relatively 
high dose of 32 mg/kg (convulsant dose for 
normal untreated monkeys: 48 mg/kg or 
greater). Significant alteration in the clinical 
response of epileptic monkeys to activation of 
seizures by vigorous prodding was not ob- 
served in these experiments. 

Conclusions. 1. The rapid intravenous ad- 
ministration of chlorpromazine (2-10 mg/kg) 
to epileptic and normal monkeys produced 
prompt profound behavioral changes charac- 
terized by hypokinesia, flaccidity, diminished 
responsiveness, reduced aggressiveness, leth- 
argy and somnolence. 2. High amplitude slow 
wave activity (2-5/second) became dominant 
in the EEG up to several hours after intraven- 
ous injection of chlorpromazine; epileptic 
monkeys showed, in addition, increased high 
amplitude spike and sharp wave forms. 3. Epi- 
leptic monkeys under the acute influence of 
chlorpromazine retained their clinical con- 
vulsive responsiveness to intramuscular Met- 
razol (16 mg/kg or less). Clinical epileptic 
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response to vigorous prodding was not signifi- 
cantly changed. 4. Normal control monkeys 
under the acute influence of chlorpromazine 
did not exhibit clinical convulsions and _ re- 
mained refractory to treatment with intramus- 
cular Metrazol (32 mg/kg) and to vigorous 
prodding stimulation. 
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In vitro and in vivo Neutralization of the Virus of Visceral Lymphomatosis. 


(22011) 


B. R. BURMESTER. 
From the Regional Poultry Research Laboratory, Agricultural Research Service, U.S. Department of 
Agriculture, East Lansing, Mich. 


It has been reported(1) that the progeny 
of hens which had received a series of injec- 
tions of the virus of visceral lymphomatosis 
were much more resistant to challenge with 
this virus than were the progeny produced by 
the same hens before the injections were 
made. The suggestion was made that the 
basis for this increased resistance was the 
transfer of antibodies from the dam to the 
egg and thence to the chick. This is known to 
occur in other diseases of chickens. 

Tests reported here provide evidence that 
the tumor inciting properties of the virus of 
visceral lymphomatosis are neutralized by 
specific antiserum, that serum neutralizing 
antibodies in chickens are produced by the 
injection of materials containing the live 
virus, and that the increased resistance of the 
progeny is directly related to the increase in 
specific serum antibodies in dams. 

Materials and methods. Antisera for in 
vitro and in vivo neutralization tests were ob- 
tained from hens that had received a series of 
injections of preparations containing the virus 
of visceral lymphomatosis. A description of 
these preparations and the sequence of injec- 
tions have been given(1). Normal serum for 
both tests was collected 6 days before the 
hyperimmunizing injections were begun. Im- 
mune serum for the im vitro test was collected 
from one of the hens 4 days after the last of 
the first series of injections. Two months later 
a second series of injections was given intra- 


muscularly. The material injected was live 
virus preparation similar to that used in the 
first series. Immune serum for the im vivo 
test was collected 6 weeks after the last of the 
second series of injections. There was an in- 
terval of about 6 months between the first 
injection and the final collection of immune 
serum. To provide a sufficient volume of 
serum for the im vivo test the serums from 9 
hens were pooled. All serums were obtained 
from blood collected by heart puncture. The 
blood was transferred to large centrifuge tubes 
and refrigerated over night. After centrifu- 
gation the serum was transferred to glass vials 
and sealed. The tubes were stored at —30°C. 
The source of virus used in both tests was 
lymphomatous livers of birds in the sixteenth 
serial passage of strain RPL 12(2). The 
chicks were from an inbred line of S.C. White 
Leghorns maintained in isolation for the past 
13 years. The incidence of lymphomatosis in 
isolation has been very low; however, when 
naturally or artificially exposed, the stock has 
manifested susceptibility to the disease. In 
vitro neutralization tests were made with con- 
stant volumes and dilutions of serums mixed 
with 4 serial 100-fold dilutions of the virus 
preparation. Dilutions were made _ with 
Simms’ salt solution containing 1.5% bovine 
albumin. Each inoculating dose of 0.2 ml 
contained filtrate obtained from log —3, —5, 
—7, and —9 g of lymphomatous liver. All 
serums were heated to 56°C for 30 minutes, 
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TABLE I. In Vitro Neutralization of Virus of Visceral Lymphomatosis_by Specific Antiserum. 


Latent 
Log dose No. inoculated ——% visceral lymphomatosis—\ period 
Serum of virus Total Corrected 112 140 168 201 days (days) 
Normal 3 42 40.7 61.5 66.4 69.8 71.3 81.0 
—5 40 35 W7feil 31.4 37.2 60.0 138.2 
=U 37 36.1 8.3 24.9 33.3 36.0 129.5 
=) 41 39.4 0 0 2.5 12.7 191.8 
Immune —3 41 35.2 11.3 22.7 56.9 76.8 148.0 
—5 42 40.1 2.5 2.5 5.0 25.0 172.5 
=i 4] 39 0 2.6 5.1 5.1 149.0 
=9 40 39 0 0 0 0 oo 
a 0 38 38 0 0 0 0 — 
Diluent 0 0 0 0 = 


0 38 38 


24 hours before use. One ml of serum was 
added to each 9 ml of virus preparation. The 
virus preparation and the virus-serum mix- 
tures were maintained at melting ice tempera- 
tures at all times. The interval between mix- 
ing and inoculation of the various mixtures 
was 2-3 hours. The inoculations were made 
with a 1 ml tuberculin syringe into day-old 
chicks by the intraperitoneal route. For in 
vivo neutralization tests, chicks were injected 
with pooled serum—on the first day with 0.5 
ml intraperitoneally, on the second day with 
1 ml subcutaneously, and on the third day 
with 0.5 ml subcutaneously. On the third day 
the chicks received by the intraperitoneal 
route 0.2 ml of the virus preparation of a dilu- 
tion equivalent to log —3, —5, or —7 g of tumor. 
All chickens were maintained for a period of 
201 days under experimental conditions sim- 
ilar to those previously described (3,4). 


Results. Data obtained from the in vitro 
neutralization test are summarized in Table I. 
The percentage of mortality from visceral 
lymphomatosis was based on the number per 
lot as corrected(3) for deaths due to other 
causes. The incidence of tumors at progres- 
sive ages is given in the table, since it has 
been shown(4) that differences in response to 
different dosages tends to decrease with an in- 
crease in the holding period. With one ex- 
ception, the percentage of visceral lymphoma- 
tosis for each age interval and for different 
virus dosage lots was lower in chickens that 
had received the inoculum containing immune 
serum than in those that had received mix- 
tures containing the normal serum. These 
quantal response data clearly indicate that at 
the dose of log —9 practically all, if not all, of 


the virus was neutralized and at the doses of 
log —7 and —5 at least 99% of the virus was 
neutralized. There was no essential differ- 
ence in the incidence of tumors between the 
immune and normal serum at the log —3 dos- 
age level and longest holding period, but at 
this highest virus dosage, partial neutraliza- 
tion is indicated by a marked delay in mor- 
tality. If the latent period is used as the 
basis for virus activity, it can be estimated 
that the addition of immune serum to the 
virus at a log dose of —3 had an effect equiv- 
alent to a dilution of the virus of at least 
1: 1000, or that neutralization of 99.9% of the 
virus occurred. This estimate was based on 
dose-latent period curves of 4 studies re- 
ported(4) and a fifth recently completed. 


Data on the influence of injecting normal 
and immune serum into susceptible chicks 
prior to their being inoculated with various 
doses of virus are summarized in Table II. 
The mortality from visceral lymphomatosis 
to 201 days of age among chicks that received 
the normal serum injections was about the 
same as among chicks that did not receive any 
serum. The response in all of the three differ- 
ent dosage lots was less than expected on the 
basis of other inoculation results(4) with the 
same virus preparation. However, the re- 
sponses were much greater than obtained with 
any of the 3 dosage lots in chicks injected 
with immune serum. Thus, none of the chick- 
ens that had received a total of 2 ml of im- 
mune serum during the first 3 days of life, and 
subsequently were inoculated with virus at a 
dosage of log —5 and log —7, and only 3 of 24 
chickens similarly treated and challenged with 
the maximum dose of log —3, developed vis- 
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TABLE II, In Vivo Neutralization of the Virus of Viseeral Lymphomatosis by Specifie Anti- 
serum. 
——— Ee 


% visceral 


Log dose ———No./lot——— lymphomatosis Latent period 
Serum of virus Total Corrected at 201 days (days) 
sae = 2220.9 47.8 92.7 
a) 24 22.1 13.6 144.8 
—7 23 22.2 13.6 iefiles} 
Normal —3 23 20.7 63.8 83.1 
—5 23 21.4 14.0 LSTL 
=i 24 23.4 14.0 144.3 
Immune —3 2 23.5 12.7 188.0 
—5 24 23.3 0 a 
=1 23 22.9 0 _- 
39 38.2 0 —— 


Non-inoe, controls 


ceral lymphomatosis. Furthermore, these 3 
died late in the experimental period, resulting 
in a mean latent period greater than that of 
any other lot. 

Estimates of neutralization based on the 
latent period data of the im vivo experiment, 
are not nearly as reliable as those based on 
the im vitro experiments, because of the small 
number of birds that died; however, the dif- 
ferences are of such magnitude that they add 
considerable weight to the quantal response 
data. 

Results from the 2 experiments described 
demonstrated the presence of an antibody 
which neutralizes the oncogenic activity of 
the virus of visceral lymphomatosis. This 
antibody was found to be present in serum of 
chickens after they had received a series of 
injections of filtered extract of lymphomatous 
liver containing the active virus, and was es- 
sentially absent in serum of the same chicks 
collected just prior to the injection of the 
virus. These chickens were from a flock that 
had been reared in isolation for many years 
and were relatively free from infection with 
any known disease agent. 

There have been many reports |see review 
of Olson(5), and the reports of Kabat and 
Furth(6), Furth and Kabat(7)] of indica- 
tions of immunity and of serum antibodies in 
experimental work with the leukemic forms 
of avian leukosis. Recently, Eckert et al.(8) 
working with the virus of myeloblastosis were 
regularly able to provoke the formation of 
specific neutralizing and precipitating anti- 
bodies in normal growing chickens not pre- 
viously exposed. This was done by repeatedly 


administering virus concentrates inactivated 
by formalin and then injecting highly infec- 
tious plasma. Lee(9) reported the develop- 
ment in ducks and turkeys of neutralizing 
antibodies effective against myeloblastosis 
and neurolymphomatosis. There is indirect 
evidence to indicate that the various forms of 
avian leukosis are caused by different etio- 
logic agents(10-12). 


Summary. Evidence is presented for the 
production of antibodies which neutralize the 
oncogenic activity of the virus of visceral 
lymphomatosis, by hens injected with virulent 
virus. Serum from such hens injected into 
chicks has produced a passive immunity. 
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Antigens from Yeast Phase of Histoplasma capsulatum. —U1. Immunologic 


Properties of Protoplasm vs. Cell Walls. 


S. B. SALVIN AND E. RIBt. 


(22012) 


(Introduced by Carl L. Larson.) 


From the U. S. Department of Health, Education, and Welfare, Public Health Service, National 
Institutes of Health, National Microbiological Institute, Rocky Mountain Laboratory, 
Hamilton, Mont. 


Antigens from the yeast phase of Histo- 
plasma capsulatum have been shown to enter 
into several immunologic or serologic reactions. 
In complement-fixation tests for detection of 
antibodies in experimental and naturally oc- 
curring histoplasmosis, antigens have included 
whole cells(1,2) and supernatant fluid from 
ground cells(3). In precipitation tests, a fil- 
trate from the growth of cells of the yeast 
phase in broth has been used extensively (4). 
These complex antigens are of definite value 
as aids in diagnosis, although some cross-re- 
actions occur with sera from other mycoses, 
primarily blastomycosis and coccidioidomy- 


cosis(5-7). Recently, attempts have been 
made to improve the specificity of the 
yeast-phase antigens(8,9). An _ endotoxin 


was demonstrated in formalin-killed whole 
cells of the yeast phase by intraperitoneal in- 
jection into 21-day-old white Swiss male mice 
(10). Inoculation of similarly prepared cells 
of the yeast phase in smaller quantities in- 
duced the development of resistance against 
subsequent lethal intracerebral or intraperi- 
toneal challenges(11,12). Reactions of tu- 
berculin or delayed type in sensitized individ- 
uals after injection of yeast-phase antigens are 
well known(13). Recently, it was also re- 
ported that hypersensitive mice could be 
killed in less than 48 hours by injection of 
dead whole cells in 5% mucin(14). Hemoly- 
sins that were most active against hen and 
guinea pig erythrocytes were demonstrated in 
soluble extracts from the yeast phase(15). 
Until recently, it had been believed that each 
cell of the yeast phase was enveloped in a cap- 
sule(16). Studies with the electron micro- 
scope, however, showed that these cells did 
not have a capsule(17). Since whole cells had 
been proven to be useful and active as anti- 
gens, the question arose as to where in the cell 
each antigen was located. 

In this paper, methods are described for the 


separation of cell walls from the protoplasm 
and data are presented illustrating some of 
the antigenic properties of these two fractions. 

Materials and methods. White Swiss male 
mice, 21 days old and raised at the Rocky 
Mountain Laboratory, were employed. One 
isolate of H. capsulatum was used throughout, 
namely #6515, which originally had been iso- 
lated from a dog. It was maintained at 37°C 
on an agar medium consisting of 51 g/1 Difco 
cystine heart agar and 21 g/1 Difco bacto- 
hemoglobin. The yeastlike cells for prepara- 
tion of antigen and for injection into animals 
were grown for 3 days under constant rotation 
at 37°C in a liquid medium containing salts, 
dextrose, and amino acids(12). The im- 
munologic and serologic tests were similar to 
those previously described(1,18). Prepara- 
tion of Antigens. Antigens were prepared by 
one of two methods, both of which included 
vibration with glass beads (#1241 glass beads, 
obtained from Cataphote Corp., Toledo, O.) 
in a container of a Mickle tissue disintegrator 
(manufactured by H. Mickle Co., Hampton, 
England). The time necessary for exposure 
of cells of the yeast phase to vibration was de- 
termined with the aid of an electron micro- 
scope. Varying concentrations of cells were 
exposed for varying periods of time in the tis- 
sue disintegrator. That time and concentra- 
tion were used for separation of protoplasm 
from the cell wall wherein the cells were shat- 
tered sufficiently for the protoplasmic contents 
to escape but not enough for the cell walls 
themselves to be fragmented. For example, 
many of the ether-killed cells were suspended 
in 8 ml quantities (10'° cells/ml) with 8 ¢ 
glass beads and vibrated for 10 minutes at 
4°C, 

Method 1. A cell suspension of the yeast 
phase was shaken with approximately 3 vol- 
umes of ethyl ether in large separatory fun- 
nels. At first, the cells sank to the bottom of 
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FIG. 1. Water-washed cells of yeast phase of H. capsulatum. Magnification 20000 X. 


the aqueous portion of this mixture. How- 
ever, after several shakings over a period of 
approximately 24 hours, the cells rose to the 
water-ether interface. Cells were then har- 
vested, washed by centrifugation in distilled 
water and reshaken with 3 volumes of ether. 
When cells of the yeast phase once again rose 
to the interface, they were washed and treated 
again in ether. After a third washing in dis- 
tilled water, the cells were exposed to vibra- 
tion in the Mickle tissue disintegrator. Sub- 
sequent washings by centrifugation in distilled 
water at 2500 g at 4°C produced two 
fractions: (a) the cell walls and (b) the su- 
pernatant protoplasm. The second fraction 
was filtered through a fine sintered glass filter 
to remove possible cell-wall fragments. Both 
fractions were subsequently lyophylized. 
Method 2. Cell suspensions from individual 
flasks were pooled and the cells washed by 
centrifugation in distilled water. Cells were 
then suspended in 1:5000 merthiolate for 5 
days at 37°C, then the cells showed no signs 
of growth when cultured on Sabouraud’s agar 
slants. The cells were washed in distilled 


water and exposed to vibration in the Mickle 
disintegrator. After washing of resulting cell 
residue and filtration of protoplasm, the two 
fractions were lyophylized. Similar results 
were obtained in various immunologic tests 
described below with fractions prepared by 
these two methods. 

Results. Morphology. The morphology of 
cells of the yeast phase of H. capsulatum was 
examined under the electron microscope after 
each step in the fractionation procedure. This 
examination was of great importance in pro- 
cedures associated with disruption of cells by 
mechanical agitation and the separation of 
disrupted products by centrifugation. Repre- 
sentative pictures are included to illustrate 
changes in morphology (Fig. 1-4). 

Fig. 1 shows the original morphology of the 
yeastlike cell as seen in preparations of cells 
suspended in water. A_ purified cell-wall 
preparation obtained from ether-killed cells is 
shown in Fig. 2; the corresponding filtered 
protoplasm, in Fig. 3. Fig. 4 demonstrates 
the unfiltered supernatant material after 
merthiolate-killed cells had been cracked in 
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the Mickle disintegrator and centrifuged at 
2500 g at 4°C for 30 minutes. Some cell- 
wall material was invariably present with the 
soluble protoplasm. The picture demonstrates 
the striking contrast in morphology between 
cell wall and protoplasm, and as a result the 
ease with which the two fractions may be dis- 
tinguished under the electron microscope. 
Examination of the protoplasm in Fig. 3 
and 4 indicates that protoplasm of merthio- 
late-killed cells is released in a very fine, uni- 
form, dispersed state, which condition permits 
easy separation of cell walls by centrifugation 
and filtration. In contrast, the protoplasm of 
ether-killed cells tends to contain more insol- 
uble nondispersible granules, the larger of 
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FIG. 2. Cell walls of ether-killed yeastlike cells of H. capsulatum. Magnification 44000 x. 


which are separated from cell walls by centri- 
fugation only with difficulty. 

Complement Fixation. The complement- 
fixing activities of cell walls and protoplasm 
from ether-killed or merthiolate-killed cells 
were compared with the activity of heat- 
killed, lyophilized whole cells in the presence 
of human sera from proved or suspected cases 
of histoplasmosis and in the presence of sera 


_from experimentally infected guinea pigs and 


rabbits. The cell walls had much more com- 
plement-fixing activity against human sera 
than an equal weight of whole cells. The fil- 
tered protoplasm, on the other hand, had 
much less activity than an equal weight of 
whole cells. The optimum level for whole 
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FIG. 3. Filtered protoplasmic fraction from ether-killed yeastlike cells of H. capsulatum. Mag- 
nification 33000. 


FIG. 4. Unfiltered protoplasmic fraction from merthiolate-killed cells of yeast phase of H. cap- 
sulatum. Magnification 29000 x. 
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cells against human or experimentally infected 
animal sera was approximately 0.5 mg/ml, 
that for cell walls 0.125 mg/ml, and that for 
filtered protoplasm 4 to 8 mg/ml. 

The possibility existed that some active 
antigen was washed out of the cell wall into 
the supernatant liquid in the process of sepa- 
rating the protoplasm. Accordingly, both the 
sediment and the supernatant fluid were as- 
sayed as complement-fixing antigens before 
initial washing in distilled water, and individ- 
ually after each successful washing by centri- 
fugation. The results indicated there was a 
marked increase in complement-fixing powers 
in both sediment and supernatant liquid as 
the cell walls were washed free of adherent 
protoplasm. The increase in activity of the 
cell-wall fraction may be attributed to gradual 
separation of the inactive protoplasm from the 
antigenically active cell wall. The increase in 
activity of protoplasm was attributed to leach- 
ing out of the active complement-fixing anti- 
gens from the cell wall during the washing 
process. 

Intraperitoneal injection of the filtered sol- 
uble protoplasm or of the cell wall from 
merthiolate-killed or ether-killed cells induced 
the formation of complement-fixing antibodies 
in normal guinea pigs and rabbits, when heat- 
killed whole cells of the yeast phase were used 
as complement-fixing antigen. However, cell 
walls proved to be a much stronger antigen 
(Table I). When another group of rabbits 
was similarly injected and subsequently in- 
fected with an intravenous dose of 10% live 
cells of H. capsulatum, a much greater booster 
response was noted in the cell-wall fraction 
as compared with either whole cells or the sol- 
uble supernatant liquid (Fig. 5 a and b). 

Further exposure of the cell wall to vibra- 
tion in the Mickle disintegrator resulted in a 
suspension of minute fragments of cell wall. 
This suspension. which was clear to the naked 
eye, was very active antigenically in fixing 
complement in the presence of sera from cases 
of human histoplasmosis. 

Protection. Mice were protected against 
lethal intracerebral or intraperitoneal chal- 
lenge by prior injection of formalin-killed ace- 
tone-dried cells of the yeast phase, adminis- 
tered in one or 2 doses. When a single dose 
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TABLE I. Complement-Fixation Titers of Sera 
from 40 Rabbits Injécted with 30 mg of Cell 


Walls, Protoplasm, or Whole Cells of H. capsu- 
latum.* 
Proto- Whole 
plasm Cell walls cells Controls 
Range 0-16 128-2048 16-64 0 
Median 4 256 32 0 


Mode 0 


256-512 32 0) 


* Heat-killed whole cells of the yeast phase were 
used as the complement-fixing antigen, Ten rabbits 
were included in each of 4 groups. 


was used, 5 mg were administered intraperi- 
toneally and 2 weeks later the animals were 
challenged. When 2 immunizing doses were 
employed, 2% mg injections were given one 
week apart, and one week after the second 
dose the mice were challenged. Five mg of 
either cell-wall material or filtered protoplasm 
were injected intraperitoneally and the mice 
subsequently challenged intracerebrally with 
a lethal dose. In all cases, mice immunized 
with whole cells and non-immunized mice 
were included as controls. The protoplasm 
showed little or no protective powers in con- 
trast to cell-wall material which did have good 
protective properties. Thus, only 22 of 69 
mice (32%) died when first injected with cell 
walls, and subsequently challenged, in contrast 
to 53 of 60 mice (89%) that died when first 
inoculated with the protoplasm and_ subse- 
quently challenged. Only 32 of 90 mice 
(35%) immunized with whole cells suc- 
cumbed to the lethal challenge, while 87 of 
93 (93%) of controls died. The cell wall 
was effective in quantities of approximately 
0.5 to 5.0 mg of dried material per mouse, 
while the optimum dose for whole cells was 
approximately 5 mg per mouse. 

Toxin. The toxic action of protoplasm and 
cell walls was examined in mice, with 2 mg 
of dried tubercle bacilli incorporated into each 
mouse dose. When 5 mg or 10 mg of antigen 
were injected per mouse (Table IL), most of 
the deaths within 48 hours occurred as a result 
of the action of the cell walls and not of the 
soluble protoplasm. None of 160 mice receiv- 
ing adjuvant alone died. 

Hypersensitivity. Mice were inoculated in- 
traperitoneally with sublethal dose of 10° 72 
hour cells of the yeast phase. Fourteen days 
later, these mice were challenged with equal 
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FIG. 5. Influence of cell walls or protoplasm 
in experimentally infected rabbits. 


weights of whole cells, cell walls, or proto- 
plasm, suspended in 5% mucin. Death rates 
were high and similar in mice that had been 
inoculated with cell-wall material or proto- 
plasm during 48 hours post challenge. Either 
of these fractions produced a higher mortality 
than whole cells. For example, when 7.5 mg 
in 5% mucin were injected intraperitoneally 
per mouse, 40 of 50 mice (80%) succumbed 
to cell walls, 31 of 35 (89%) to protoplasm, 
and 12 of 50 (24%) to whole cells. Five of 
148 mice (3%) sensitized but not further in- 
oculated, died during this period. None of 
50 sensitized mice succumbed after intraperi- 


on development of complement-fixing antibodies 


A. Peak titers. B. Median titers. 


toneal inoculation of 5% mucin alone. Anti- 
gen, or antigens, active in initiating a response 
in sensitized mice seems to be present in both 
cell wall and protoplasm. Thirty-five guinea 
pigs which had been infected with a sublethal 
dose of the yeast phase were subsequently skin 
tested with the fractions previously described, 
as well as with histoplasmin. Edema devel- 
oped 24 to 48 hours after intradermal injec- 
tion, both with the cell-wall fraction and with 
filtered protoplasm. When the fractions were 
diluted to a similar extent, a slightly greater 
response was initiated by the soluble proto- 
plasm. Five uninfected guinea pigs showed 
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TABLE II. Comparison of Toxie Action of Pro- 
toplasm and Cell Walls in 21-Day-Old Male Mice. 


Mortality 
Proto- Cell Whole Adjuvant 
plasm walls cells controls 
5 mg 2/70* 11/70 3/70 0/70 
(3%) (16%) (4%) (0%) 
10 10/90 55/90 16/90 0/90 
(11%) (61%) (18%) (0%) 


* Numerator represents No. of mice that died; 
denominator represents total No. of mice inocu- 
lated. These figures are totals from 3 separate ex- 
periments. 


no skin reactions at all. Results in sensitized 
guinea pigs were, therefore, similar to those 
obtained in sensitized mice. 


Hemolysis. A 0.5% suspension of guinea 
pig erythrocytes in 0.85% saline underwent 
hemolysis when exposed to 0.125 to 0.25 mg 
whole cells/ml. Protoplasm showed about as 
much activity over a similar weight range. 
The cell wall in comparison showed little 
hemolytic activity with concentration as high 
as 8 mg/ml not producing complete hemolysis. 

Discussion. With the methods of prepara- 
tion used in the foregoing experiments, the cell 
wall of the yeastlike cells of H. capsulatum 
contained most of the antigenic activity re- 
sponsible for the fixation of complement in 
the presence of specific antiserum. This fixa- 
tion of complement occurred with human sera 
from proven or suspected cases of histoplas- 
mosis and with animal sera from experimen- 
tally infected rabbits or guinea pigs. The an- 
tigen associated with complement fixation is 
soluble in water, since extensive washing 
caused it to pass gradually into the superna- 
tant liquid. Attempts, therefore, to prepare 
a soluble, purified, specific antigen from the 
yeast-like cells should be directed toward the 
cell wall. 


The cell wall can be readily separated from 
the internal protoplasm by vibration and sub- 
sequent centrifugation. Mechanical agitation 
with the Mickle disintegrator apparently 
cracked the cell walls and released the proto- 
plasm in a dispersed state. The products of 
disruption, cell walls and protoplasm, were 
then readily separated by centrifugation. The 
amount and type of vibration should be care- 
fully controlled, in combination with electron- 
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microscope examinations, in order to permit 
ready separation of the two fractions. If the 
cells are exposed to excessive vibration or 
grinding, then the resulting cell-wall frag- 
ments are too small to separate from the 
coarse granular protoplasm. Cell. disinte- 
grators like the Raytheon ultra-sonic oscil- 
lator were accordingly found not to be useful, 
since they tended to fragment the cell wall ex- 
cessively rather than merely to crack it(19), 
and, therefore, to make impossible the recov- 
ery of purified cell-wall fractions. Excessive 
ether or merthiolate treatment tended to co- 
agulate the protoplasm and prevent its release 
in a dispersed state, to such an extent that 
separation of the protoplasm by washing and 
centrifugation became impossible. 

Similarly, most of the activity responsible 
for the protection of mice or the toxic death 
of mice was situated in the cell wall. The 
identity of or relationship between these 3 
antigenic actions is still in doubt. It is of in- 
terest, however, to note that complement- 
fixing antibodies were not readily detected in 
immunized mice which had marked resistance 
to reinfection or to lethal challenge. Rabbits 
and guinea pigs, on the other hand, readily 
developed complement-fixing antibodies in 
high titers, but showed little tendency to de- 
velop marked resistance to lethal challenge 
(CLO)e 

A delayed reaction in sensitized animals 
was produced by both cell walls and proto- 
plasm. This result may mean that parts of 
either fraction are capable of initiating a re- 
sponse, or that the particular antigen involved 
is highly soluble and readily dissolves out of 
the cell wall into the surrounding fluid. 

Since the tissue phase of H. capsulatum is 
yeastlike in some of its properties, the possi- 
bility has presented itself that zymosan may 
be present in the cell wall(20). If zymosan is 
present, then it would tend to reduce the bac- 
tericidal, and possibly mycocidal, properties 
of serum. However, the cell walls of H. cap- 
sulatum make the mice more resistant to sub- 
sequent challenge, rather than less resistant. 
Hence, the zymosan-properdin system, if 
present, has no obvious influence on the im- 
munization of mice against H. capsulatum. 

Summary. <A technic, involving the use of 
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the Mickle tissue disintegrator and the elec- 
tron microscope, was described for the sepa- 
ration of the cell wall and the internal proto- 
plasm from the cells of the yeast phase of 
Histoplasma capsulatum. The cell wall con- 
tained the antigenic activity associated with 
complement fixation, protection and_ toxins. 
Sensitized animals, on the other hand, showed 
a delayed type of reaction to either fraction. 
The protoplasm was more active than the cell 
wall in the hemolysis of guinea pig erythro- 
cytes. 
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F. W. STAMLER. 


From the Department of Pathology, College of Medicine, State University of Iowa, Iowa City. 


Growth disturbances produced by feeding 
Lathyrus peas vary inversely with age and 
stage of development of the experimental ani- 
mal(1,2). Profound effects might be ex- 
pected, therefore, during rapid growth and 
development of the fetus. Turney, Salmon, 
and Copeland reported that feeding Lathyrus 
hirsutus peas prevented completion of preg- 
nancy in the rat, but they did not completely 
describe the nature of the disturbance(3). 
They were unable to prevent the effect of peas 
by addition of alpha-tocopherol to the diet (4), 
although it has since been reported that large 
doses of that compound give partial protection 
against lathyrism(5). For these reasons the 
effect of Lathyrus odoratus peas was studied 
in regard to reproduction. During this inves- 
tigation, isolation of the active principle of 
Lathyrus pusillus was announced(6). A sim- 


ilar isolation product of Lathyrus odoratus was 
identified as (6-L-glutamyl-amino) propio- 
nitrile(7). The characteristic activity in pro- 
ducing skeletal lesions in rats was also shown 
by 8-amino-propionitrile(1). This compound 
also profoundly influenced development of 
larval frogs(2). Aminoacetonitrile was later 
found to be more toxic to weanling rats than 
any compound previously tested(8). A num- 
ber of aminonitrile compounds were conse- 
quently included in this study. 

Methods. Albino rats of Sprague-Dawley 
strain were used predominantly. The few 
hooded rats of Long-Evans strain used gave 
identical results. The basic diet was ground 
(Rockland) rat pellets. Lathyrus odoratus 
seeds were finely ground, mixed with this diet 
in various proportions, refrigerated at 5°C, 
and fed ad libitum. Diets containing syn- 
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thetic nitrile compounds were stored at —40°F. 
Feedings were given once daily, and food re- 
maining after 24 hours discarded. All animals 
were kept on wire-mesh floors. The 50% pea 
diet produced skeletal deformities and fatal 
aortic rupture comparable to that reported by 
Ponseti and Baird(9). Females were first 
mated when 10-12 weeks of age, and discarded 
after 3 or 4 matings. Matings were deter- 
mined by vaginal smear. Specimens for his- 
tological examination were fixed in 4% for- 
malin and stained with hematoxylin and eosin. 

Results. Mature rats of both sexes main- 
tained on 50% pea diet remained in good 
health for several months. Two male rats 
placed on this regimen at 6 weeks of age de- 
veloped extensive skeletal deformities within a 
few weeks, but accomplished numerous fertile 
matings between 3 and 9 months. When sac- 
rificed at 10 months they were moderately 
emaciated and almost helplessly crippled, but 
showed active spermatogenesis, without testic- 
ular atrophy. A third male, started on 50% 
pea diet at 3 months, was moderately crippled 
but still potent and fertile when sacrificed 10 
months later. This male also showed histo- 
logically normal testes. The numerous off- 
spring obtained by mating these males with 
normal females showed no abnormalities. 

The 50% pea diet given to nursing female 
rats produced no evident toxic effect. In one 
case this diet was given to the dam of 6 young, 
beginning on the 3rd day after parturition. 
In 2 instances this diet was begun on the 20th 
day of pregnancy, and continued until litters 
were weaned. Large litters were born, of 
which 3 in one litter and 5 in the other sur- 
vived the early neo-natal period. The high 
peri-natal mortality was typical of results ob- 
tained when pea diets were given late in preg- 
nancy, and will be discussed in detail later. 
The nurslings of all 3 litters made normal 
weight gains, with no physical or x-ray evi- 
dence of skeletal deformity at weaning at 22 
days. Three males and 3 females given 50% 
pea diet after weaning quickly developed 
severe skeletal deformities, and 2 animals of 
each sex died of ruptured aortic aneurisms 
within a month. Those given control diet grew 
to normal maturity. 

Mature female rats on 50% pea diet passed 
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TABLE I. Effect of 50% Pea Meal. 


Days of gestation Avg No. 


No. rats diet given viable young 
9 1-22 0 
aa 1-16 8.5 
6 1-17 67 
+ 16-18 25 
6 LOe2 0 
7 20-22 + 


4 21-29 12 


through normal estrous cycles, and mated 
freely. Conception occurred in a high per- 
centage of matings, with bloody vaginal 
“placental sign” on about the 13th day. 
Weight gains were comparable to control ani- 
mals until the 19th or 20th day, but then 
weight rapidly decreased, and no living young 
were born. Pregnant females sacrificed on or 
before 19th day of pregnancy contained living 
fetuses, but during the succeeding 3 days there 
was death and rapid decomposition of all un- 
born young. Passage of dead fetuses or pla- 
cental tissue was seldom observed, although 
vaginal bleeding was often seen at the 22nd or 
23rd day. Animals killed within a few days 
after this time showed involuting uteri with 
numerous placental sites. Those kept on 50% 
pea meal soon displayed normal estrous cycles 
culminating in fertile matings. If the control 
diet was then given, normal gestations re- 
sulted. 

The final few days of gestation constituted 
the critical period for exhibition of the toxic 
effect of the pea (Table I). Normal litters 
were born to females on 50% pea diet during 
the first 16 days of pregnancy, but giving this 
diet for one more day resulted in death of al- 
most all fetuses. Giving the diet for as short 
a time as 3 days after the 16th day was also 
highly toxic for the unborn young. 

Diets containing 20% Lathyrus odoratus 
meal were lethal for the rat fetus, if begun by 
the 17th day of gestation (Table II). The 


TABLE II. Pereentage of Lathyrus Pea Meal Be- 
gun 17th Day of Gestation. 


Avg No. 


No. rats % pea meal viable young 
o) 50) 0 
8 20) 5 
2 15 2 
b 10 10 
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FIG. 1 (top left). Microphotograph, posterior thorax of still-born rat. Includes tissues from 
skin surface to parietal pleura, with eross section of rib, lower right. There is extreme general- 
ized edema, with paucity of connective tissue and skeletal muscle, 

FIG. 2 (top right). Microphotograph, parasagittal section, thoracic spine of 19-day rat 
fetus, alive at time of sacrifice of dam, who had received 50% pea diet from first day of preg- 
naney. Note lack of cohesion between cartilaginous spinal structures and perichondrial con- 
nective tissue. 

FIG. 3 (bottom left). Microphotograph, cross section of dissecting aneurism, thoracic aorta 
of still-born rat whose dam received 50% pea diet from 17th day of pregnancy. The intima is 
ruptured and a large mass of blood has forced apart the layers of the media. Complete rupture 
of the vessel, with massive hemothorax, has not taken place in this case. 

FIG. 4 (bottom right). Microphotograph, mid-sagittal section, 19-day rat fetus, litter-mate 
of fetus shown in Fig. 2. There is acute angulation of the lower thoracie and lumbar spine, 


with apparent compression of the Spinal cord. Diffuse hemorrhage is seen, particularly about: 


great vessels at base of heart. The fetus was alive at time of sacrifice of the dam. 
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TABLE ITI. Toxicity of Aminonitriles Begun 17th 
Day of Gestation. 


Avg No. 
%in No. viable 
Compound diet rats young 
Aminoacetonitrile* .0167 + 0 
0125 10 3.1 
B-aminopropionitrile 3 3 0 
all 9 0 
05 6 0 
.025 9 6.2 
Bis (8-cyanoethyl) amine sil 3 0 
05 2 10 
Tris (6-cyanoethyl) amine 3 3 8 
B-dimethylaminopropionitrile .3 2 9 
B-mercaptoethylamine 5 5 3.4 
25 3 5.7 


* Fed as a salt of H,SO,. 


15% level was incompletely lethal, and lesser 
concentrations apparently harmless. At 20% 
level many young were born dead, with little 
evidence of decomposition, while others were 
feebly alive at birth, but succumbed soon 
thereafter. Both living and dead were fragile 
and hydropic in character (Fig. 1). Muscles 
and connective tissues were poorly developed. 
There was scanty formation of collagen, and 
cohesion of various skeletal and connective 
tissues appeared faulty (Fig. 2). Poor vascu- 
lar tone, with capillo-venous dilatation and 
diffuse hemorrhage was commonly seen. Mas- 
sive hemothorax from aortic rupture was a 
frequent demonstrable cause of death (Fig. 3). 
The dissecting aortic aneurisms followed the 
same pattern seen in weanling rats(1,9). 
Severe spinal deformities seen in several in- 
stances included kypho-scoliosis similar to 
those typically produced in weanling rats on 
Lathyrus pea diets (Fig. 4). 

Several nitrile compounds were toxic for the 
rat fetus (Table III). Their effect appeared 
to be qualitatively identical with that of pea 
diets. Fetal death was readily produced by 
feeding diets containing 8-aminopropionitrile, 
bis (@-cyanoethyl) amine, or aminoacetonitrile 
during the latter part of pregnancy. Amino- 
acetonitrile was the most toxic of these com- 
pounds, as shown by Wawzonek and cowork- 
ers(8). Lesions produced by these compounds 
mimicked those produced by pea meal diets, 
including a high incidence of aortic rupture 
with hemothorax. As with pea meal diets, 
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little toxicity was shown during the first 16 
days of gestation. Thus, normal litters were 
born to female rats fed a diet containing 0.1% 
8-aminopropionitrile during the first 16 days 
of pregnancy, whereas diets with 0.05% of 
this compound proved uniformly lethal to 
fetuses when given beginning the 17th day of 
pregnancy (Table III). It is perhaps signifi- 
cant that the obvious developmental defects 
produced involved mesodermal tissues, and 
that development of these lesions occurred 
during the period of rapid mesodermal growth 
and differentiation of late fetal life. A pos- 
sible difference in placental permeability in 
regard to the toxic compounds might also ac- 
count for differences in toxicity shown during 
early and late fetal life. 

Two nitrile compounds tested, tris (- 
cyanoethyl) amine and £-dimethylaminopro- 
pionitrile, showed no toxicity at concentrations 
used. These results are in accord with pre- 
vious reports of the detoxifying effect of meth- 
ylation or acetylation of aminonitrile com- 
pounds(10). The final compound listed in 
Table III, 8-mercaptoethylamine, while not 
an aminonitrile, has produced skeletal growth 
disturbances typical of lathyrism(11). This 
compound was found to be relatively innocu- 
ous for the pregnant rat and her unborn 
young, although at comparatively high concen- 
trations many fetuses did die in utero. None 
of these fetuses, however, showed skeletal de- 
formity, ruptured aortae, or other lesions 
characteristic of lathyrism. 

Summary. Lathyrus odoratus peas and cer- 
tain aminonitrile compounds chemically re- 
lated to the active extract of the pea, when 
added to the diet of pregnant rats, caused 
death of the fetal rat late in intrauterine life. 
Death was associated with poor development 
of the skeleton and other mesodermal tissues, 
and commonly resulted from rupture of the 
thoracic aorta at or near the time of birth. 
No harmful effects on the fetus were demon- 
strated by feeding these substances to the 
pregnant female before the 17th day of gesta- 
tion. Lathyrus odoratus peas in 50% dietary 
concentration did not affect fertility of the 
adult male or female rat, and males maintained 
on the diet for as long as 10 months showed 
no histological evidence of testicular atrophy. 
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No toxic substance was demonstrated in the 
milk of nursing females on the pea diet. The 
feeding procedure employing pregnant female 
rats proved to be a reasonably accurate and 
sensitive method for the toxicity assay of 
aminonitriles. Aminoacetonitrile was the most 
toxic of the compounds tested. 
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Effect of Diet on Betaine-Homocysteine Transmethylase of Rat Liver.* III. 


B-Vitamins Other Than Vitamin By». 


L.-E. Ertcsont AND A. E. HARPER. 
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(Introduced by C. A. Elvehjem.) 


From Department of Biochemistry, College of Agriculture, University of Wisconsin, Madison. 


In the rat, a dietary deficiency of vit. By» 
causes a decrease in the betaine-homocysteine 
transmethylase activity of the liver(1-4). The 
addition of a purified “coenzyme” preparation 
of the transmethylase, to liver homogenates 
prepared from rats fed a diet deficient in vit. 
Biz, has recently been shown to restore the 
transmethylase activity(4). To ascertain 
whether this effect is specific for vit. Byo the 
effect of a deficiency of each of the other B- 
vitamins on the transmethylase activity of 
rat liver has been investigated. 

Methods. Albino rats of the Sprague-Daw- 
ley strain were used throughout the investiga- 
tion. The rats were kept in individual cages 
and were fed ad libitum, unless otherwise 
stated. The complete vitamin mixture used 
for the various basal diets described below 


* Published with approval of the Director of the 
Wisconsin Agric. Exp. Station. Supported in part 
by grants from the Nutrition Foundation, New York, 
the National Livestock and Meat Board, Chicago, 
Ill. The crystalline vitamins were kindly provided 
by Merck and Co., Rahway, N. J., and the Sulfa- 
suxidine by Sharp and Dohme, Philadelphia, Pa. 

t Present address: Royal Institute of Technology, 
Stockholm, Sweden. 


provided in mg per 100 g of ration: thiamine 
hydrochloride, 0.5; riboflavin, 0.5; niacin, 1; 
calcium pantothenate, 2; pyridoxine, 0.25; 
folic acid, 0.02; biotin, 0.01; vit. By, 0.002: 
inositol, 10; and choline chloride, 150. Each 
week each rat was given orally 2 drops of 
halibut liver oil fortified with vit. E and K 
(5). For the deficient diets the vitamin under 
study was omitted and in some cases suc- 
cinyl sulfathiazole (‘‘sulfasuxidine’’) or the 
corresponding antivitamin was added to the 
diet as described in the tables of results. All 
diets contained 4% of salts 4(6) and 5% of 
corn oil. The basal diets contained the follow- 
ing percentages of protein, sucrose and supple- 
mentary amino acids: Diet I. Casein 25, 
sucrose 65.8. Diet II. Casein 25, DL-meth- 
ionine 0.2, sucrose 65.6. Diet IfI. Casein 12, 
DL-methionine 0.2, DL-threonine 0.36, su- 
crose 78.2. Diet IV. Egg white 24, sucrose 
66.8, the biotin content of the complete diet 
was increased to 0.1 mg per 100 g of ration. 
Diet V. Casein 9, gelatin 12, sucrose 69.8. 
At the end of the experimental period the 
rats were killed by decapitation and were 
bled, and their livers were removed immed- 
iately and chilled in ice. Pooled homogenates 
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were prepared from the livers of 5 or 6 rats 
BESBAS from each experimental group and the trans- 
| methylase activity was determined as de- 
| scribed previously(4). The transmethylase 
ie ee | activity is expressed as pg of methionine 
SSS SR formed per g of fresh liver during a 3 hour 
| incubation period. 

Results. The effect of a deficiency of each 
AS of the following: thiamine, riboflavin, niacin, 
AS aAaS | pyridoxine, pantothenic acid, biotin and cho- 
line, on the activity of the betaine-homocys- 
| teine transmethylase of rat liver is shown in 
Ra Se Table I. It can be seen that the transmethy]l- 
ape ae aes ase activity of the livers of the rats fed the 
| & deficient diets was generally higher than that 
| 2 of the control group. Only in the case of a 
CHOSHOE | 5 biotin (Exp. II) or a choline deficiency was 
|s the transmethylase activity found to be lower 
| 2 than that of the corresponding control group. 
| A ee The effect of the biotin deficiency on the 
en aes transmethylase was evident only when the 
aie eed ct ASE deficiency was severe enough to retard the 
| Bs growth of the rats significantly (compare rate 
ae of gain and transmethylase activity in Exp. 
somocom | ge I and II) and even then the absolute value 
69 18 63 08 £8 z S for the deficient group was quite high. Omis- 
23 sion of choline from the (high protein) diet 
2 i used in these experiments lowered the trans- 
ASSASE | Ze methylase activity only slightly; however, the 
ans results are in agreement with previous find- 

cue ings with low protein diets(7). 
‘ a's The results of 5 experiments with rats made 
Sunes ae deficient in folic acid in various ways are 
Cae given in Table IJ. The transmethylase activ- 
[Se 4 ity of livers of deficient rats was in each case 
SnoNce | a6 S higher than in the corresponding control 
BeASSR BEsr group. This is particularly noticeable in ex- 
Shae periments in which no antivitamin (Aminop- 
a She terin, Lederle Laboratories, Pearl River, N. 
| ao & % Y.) was administered. Experiments with pair- 
Sanaman | See fed rats (Exp. II) demonstrated that high 
= wo transmethylase activity of deficient animals 
5 on could not be attributed to an effect of starva- 
edt Pe |3% 2 tion(7). Livers from rats fed diet deficient 
HHA |e as = in both folic acid and vit. By. (Exp. III) also 
- (£28% had a higher transmethylase activity than 
e ost livers of rats fed the complete diet. As the 
_ os on ie diet in this case contained casein, and growth 
5 ee ie Bea was retarded by development of a folic acid 
S8s 285 eset ry deficiency, it is doubtful whether a deficiency 
eT veers | of vit. By» developed. Dinning ef a/.(8) have 
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TABLE Il. Effect of Folic Acid Deficiency on Activity of Betaine-Homocysteine Transmethylase of 
Rat Liver. 
Duration Initial ——Rate of gain——, -—Transmethylase- 
Exp. of exp., wt of Control, Deficient, Control, Deficient, 
No. Treatment days rats, g g/wk g/wk pe we 
1 Diet I + 2% sulfasuxidine 21 45 40.0 25.0 360 685 
2 » T+ 2% sulfa (pair fed) 2] 45 25.2 18.5 380 800 
3 » J+ 2% sulfa—By» 21 45 35.6 21.0 365 840 
4 ” T+4mg/kg aminopterin ff 150 —23.0 —23.0 445 505 
5 Be dhe © fl 210 20.0 15.0 475 485 


reported that, in chicks, a dietary deficiency 
of folic acid causes a decrease in betaine 
homocysteine transmethylase activity of the 
liver. Williams(9) found liver transmethyl- 
ase activity of rats fed a complete diet con- 
taining aminopterin (4 mg/kg of diet) and 
showing very severe symptoms, to be lower 
than that of comparable group receiving com- 
plete diet without aminopterin. It is difficult 
to compare our results with these results since 
in our investigation, comparison was made 
between a group that received.a complete 
diet and one that received a folic acid-defi- 
cient diet, both of which received aminopterin. 
It is of interest that Kring and Williams(10) 
found the activity of liver tyrosine oxidase 
system, higher in rats receiving diets defi- 
cient in thiamine than in control rats receiv- 
ing an adequate diet, and that Beaten and 
Ozawa(11) found the activity of glutaminase 
I to be increased in vit. Beg-deficient rats. 
There are also several reports (see reference 
10) that folic acid deficiency causes increased 
xanthine oxidase activity of rat liver. 

A comparison of values for growth and for 
transmethylase activity of livers of rats fed 
Diet I (containing 25% casein) and Diet II 
(Diet I, supplemented with 0.2% DL-meth- 
ionine) shows that a supplement of sulfur 
amino acids stimulated synthesis of betaine- 
homocysteine transmethylase although no 
growth response was observed. 

The experiments do not provide any clue 
as to the nature of the “coenzyme” of betaine- 
homocysteine transmethylase. However, the 
data presented here and elsewhere(4,7), give 


some insight into the extremely complex re- 
lationships that apparently exist between di- 
etary factors and activity of this enzyme. 


Summary. When a diet deficient in one of 
the following vitamins: thiamine, riboflavin, 
niacin, pyridoxine, pantothenic acid, or folic 
acid was fed to rats, the activity of the be- 
taine-homocysteine transmethylase of their 
livers was found to be higher than that of the 
livers of rats fed a complete diet. Deficiencies 
of biotin or choline, on the other hand, 
caused a slight decrease in the transmethylase 
activity. 


1. Oginsky, E. L., Arch. Biochem., 1950, v26, 327. 
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Transmission of Street Rabies Virus Strain (V308) to Suckling Hamsters 


During Lactation. 


(22015) 


REGINALD L. REacAN, FRANCES S. YANCY, SING CHEN CHANG, AND A. L. BRUECKNER. 
From the Virus Laboratory, Live Stock Sanitary Service, University of Maryland, College Park. 


It has been assumed that a bitch infected 
with rabies transmitted the disease to the pup- 
pies by injuring them by biting or other 
mechanical injuries. There is still the ques- 
tion as to whether or not rabies virus may be 
present inthe milk and if so whether the pup- 
pies can become infected from this source. 
Specific inclusion bodies called Negri bodies 
(1) are present in the central nervous system 
of animals dying with rabies. These are most 
frequently demonstrable within the nerve cells 
and are eosinophilic bodies, usually spherical, 
1 to 30 » in size. Their inner structure shows 
basophilic granules. The Syrian hamster in- 
fected with rabies virus shows Negri bodies in 
the brain in greater numbers and of larger 
size than those demonstrable in the Swiss al- 
bino mouse(2). The Syrian hamster was, 
therefore, selected for these experiments not 
only because of its Negri body “production” 
but because of ease in control and care. 

Materials and methods. The virus for the 
present study was obtained from a dog brain 
sent to this laboratory for routine rabies ex- 
amination. The hippocampus was removed 
aseptically, ground with alundum in a mortar, 
and diluted with physiological saline to a 10% 
suspension. Three-hundredths ml of this 
10% suspension was injected intracerebrally 
into each of ten 3-week-old Swiss albino mice 
(Carworth Farm, Webster strain). On the 
14th day after injection, several mice devel- 
oped tremors and paralysis and became mori- 
bund. These brains were then removed asep- 
tically. Impressions made from the Ammons 
horn of each mouse were stained with Seller’s 
stain(3) and examination by the light optical 
microscope showed numerous Negri bodies 
throughout the tissue. The Ammons horn 
from one of these mice contained a larger 
number of Negri bodies than the others and it 
was ground with alundum and diluted to a 
20% suspension with physiological saline. 
Each of ten 3-week-old Swiss albino mice was 
injected intracerebrally with this rich virus 


suspension. Titer of the virus was 10°-° when 
titrated intracerebrally in Swiss albino mice 
of the same age. The 10 Swiss albino mice 
which were infected intracerebrally showed 
rabies symptoms within 6 to 10 days. Their 
brains which were removed aspetically con- 
tained Negri bodies and were ground and di- 
luted to a 10% suspension in physiological 
saline. This virus-bearing mouse brain sus- 
pension was used to initiate the present study. 
For this series of experiments, diagnosis of 
rabies in hamsters and mice was made by the 
following criteria: (1) clinical observations 
of each hamster, (2) demonstration of Negri 
bodies in the Ammons horn of the suckling 
hamster, adult hamster and Swiss albino 
mouse, (3) reinoculation of the positive and 
negative suckling hamster brain and uninocu- 
lated controls intracerebrally into 3-week-old 
Swiss albino mice and confirmation by demon- 
stration of Negri bodies in the brain smears. 
The presence of Negri bodies was demon- 
strated microscopically in touch preparations 
of the Ammons horn stained with Seller’s 
stain. Ten lactating hamsters and their suck- 
lings were placed in individual metal boxes 
with bedding. The sucklings were about 12 
days old and are usually weaned at 16 to 18 
days. Therefore, these were removed from 
the parent 6 days after her inoculation. The 
lactating hamster from each group (#1 to #9) 
was given 0.1 ml of the above described mouse 
brain bearing virus via the flank muscle. The 
area of injection was sterilized with iodine for 
one hour before the mother from each of the 
9 groups was placed with her sucklings. The 
No. 10 group was kept as a room control. 
During the next 6 days, the family of each 
group was not disturbed. Dog checkers were 
fed to each of the 10 groups daily along with 
a large bottle of water for drinking (Table I). 
At the end of the sixth day, after inoculation 
of the parent, the sucklings from each group 
were weaned and placed in special glass jars. 
The lactating hamsters showed no rabies 
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symptoms at this time and were held for fur- 
ther observation. Seven of the 9 inoculated 
lactating adults developed rabies symptoms 
between the 14th and 22nd day after inocu- 
lation. Their brains contained numerous 
Negri bodies. The 10 groups of weaned ham- 
sters from the 9 infected lactating animals 
and the control hamster were fed, watered 
and checked twice daily (Table II) for rabies 
symptoms. 

Results. Two days after weaning or 8 
days after injection of the adults, several 
hamsters from Groups 1, 2 and 3 (Table II) 
showed rabies symptoms and their brains con- 
tained numerous Negri bodies. Brains from 
all suckling hamsters showing rabid symptoms 
were ground in a mortar with physiological 
saline to a 20% suspension and injected intra- 
cerebrally into each of 6 Swiss albino mice. 
Mice showing rabies symptoms were exam- 
ined for Negri bodies as shown in Table II. 
At the end of 21 days all suckling hamsters 
showing no rabies svmptoms were sacrificed 
and their brains were removed aseptically and 
pooled for each group, ground in a mortar 
with alundum and diluted to a 20% suspen- 
sion with physiological saline. Each of the 10 
pooled groups, including the control Group 
#10, were injected (0.03 ml each mouse) in- 
tracerebrally in each of 6 Swiss albino mice 
(Table II) in order to confirm the presence or 
absence of the virus in sucklings showing no 
rabies symptoms. 

Summary. From this observation it ap- 
pears that rabies may be transmitted from 
lactating hamsters to suckling hamsters. 
Seventy-seven percent of the mothers showed 
rabies symptoms between 14 to 20 days. 


TABLE I. Response of Lactating Hamsters In- 

jected in Flank with 0.1 ce Street Virus Rabies 

Strain, V308. Suckling removed after 6 exposures. 
9 groups. 


Appearance of symptoms 


(days) Negri bodies 
14 ais 
16 aie 
16 -— 
16 ae 
17 ak 
20 a 
20) ae 


| 
| 


TABLE II. Response of Suckling Hamster after 
Weaning from Lactating Parent (Infected with 
Rabies Street Virus V308). 


Negri 
Onset of bodies Mouse 
Group No.of rabies (suck- inoeu- Negri 
No. suckling (days) lings) lation bodies 
© 5 i SS a 
8 “I ar ar 
9 ale =e ste 
9 alle cls ae 
9 = + aia 
2 a) 9 = te ae 
9 ate ae aig 
9 “te aF ae 
9 ate ar a= 
5 8 a 
8 = ae As 
8 I a hg 
10 a ane Be 
2 = a == 
i i = = 
3 + 22 + ae ot 
6 to 9 Negative 
10 6 


(uninoculated controls ) 


* Showed no clinical symptoms. 


31% of the suckling hamsters developed 
rabies symptoms between 8 to 22 days. 
Confirmation of rabies was made on all posi- 
tive animals by Negri body examination. The 
possibility exists that rabies virus was present 
in the saliva of the mothers before the suck- 
ling animals were weaned, and consequently 
infection could have occurred by some route 
other than the milk. This could occur even 
without biting. Direct infection of mucous 
surfaces as the result of licking is possible. 
although this seems remote due to the high 
percentage of suckling hamsters showing 
rabies symptoms. 


1 . u. Infektionskr., 1903, v43, 
507. 

2. Reagan, R. L., Day, W. C., and Brueckner, A. L., “J 
Proc. Soc. Exp. Bion. and Mep., 1952, v81, 654. 

3 Sellers, Vo BF. Ane. Jo Rub. Health, 1929 anion 
1080. 
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5-Hydroxytryptamine in Mast Cells.* (2206) 


Ear P. Benpitt, RutH L. Wonc, MARGARET ARASE, AND ELIzABETH ROEPER. 


From the Department of Pathology, University of Chicago, and The LaRabida-Jackson Park 
Sanitarium, Chicago, IIl. 


Two important physiologically potent tissue 
constituents have been associated with mast 
cells: heparin by Holmgren and Wilander(1) 
and histamine by Riley and West(2). In the 
present communication, we shall provide evi- 
dence that 5-hydroxytryptamine is present in 
the mast cells of at least one species, the rat. 


Mast cells were prepared from the peri- 
toneal cavity of rats by a modification of the 
method of Padawar and Gordon(3). The cells 
of the final concentrate appeared well pre- 
served; they maintained their characteristic 
staining with toluidine blue. There was evi- 
dence of some shedding of peripheral granules. 
Total and differential counts were performed 
using the solution designed by Moore and 
James(4) for blood basophiles. Mast cells 
constituted from 87 to 92%, usually 90 to 
92%, of the total population in the final prep- 
arations. The remaining cells were meso- 
thelial, mononuclear cells and a few polymor- 
phonuclear leukocytes. Estimates of the vol- 
ume of cells were made using a red blood cell 
diluting pipette of about 1 ml capacity cen- 
trifuged at 1000 x g for 1.5 hours to constant 
volume. From 10 rats, 5 to 10 mm? of cells 
were obtained. The mean volume per cell was 
estimated in 4 determinations to be 1.26 —& 
SaiS.x 10-° mm*. 

5-hydroxytryptamine was identified and es- 
timated using the rat colon as described by 
Dalgleish, Toh, and Work(5). The volume of 
the bath was 16 ml. For extraction of 5- 
hydroxytryptamine from the cells the final 
concentrate in sucrose, containing 1 to 1.4 
mm? of cells per ml, was diluted 1:20 with 
distilled water and frozen and thawed 3 times. 
Although this does not grossly fragment the 
cells, it does release their histamine and 5- 
hydroxytryptamine. 


* This work was supported in part by grants from 
the Chicago Heart Assn., American Heart Assn. and 
the U.S.P.H.S. 


Identification of 5-hydroxytryptamine in 
the frozen and thawed preparation was made 
as follows: 1) The material contracted the rat 
colon in a manner identical with synthetic 
5-hydroxytryptamine(6). The capacity of 
the material in the extract to contract the 
colon strip was abolished by repeated appli- 
cation of relatively large amounts, 1 to 2 pe 
of 5-hydroxytryptamine to the strip, as with 
5-hydroxytryptamine itself(6). Lysergic acid 
diethylamide, 10 »g in the 16 ml bath for 10 
minutes, abolished the reaction to both ex- 
tracted material and synthetic serotonin. Di- 
benamine hydrochloride, 100 yg in the bath, 
likewise abolished the effect of mast cell ex- 
tract and reference standard(7). Final iden- 
tification of the material was made by extrac- 
tion and chromatography: 6.4 mm? of a prep- 
aration containing 92% mast cells was ex- 
tracted 3 times with 95% acetone(6). The 
acetone was evaporated partly to dryness in 
vacuo at 32°C, applied to Whatman No. 1 
filter paper and chromatogrammed using bu- 
tanol-acetic acid-water (4:1:5)(5). The Rf 
value for the unknown was 0.44 and of syn- 
thetic standard was 0.46. Formaldehyde-bi- 
chromate spray and ultraviolet illumination 
were used for identification(8). The charac- 
teristic golden yellow fluorescence was ob- 
served. 

The concentration of 5-hydroxytryptamine 
(as free base) was estimated by colon-assay 
to be 0.63 »g/mm?* of cells. From the chro- 
matogram it was estimated to be about 0.7 
p»g/mm*, Evidence that the material is not 
present in the residual contaminating cells in 
the mast cell concentrate is as follows: In 
concentrating the exudate, the 5-hydroxytryp- 
tamine activity increases with increasing pur- 
ity of mast cells. The skin and subcutaneous 
tissue of the rat contain material with identical 
activity on the rat colon strip and chromato- 
graphic mobility with the butanol-acetic acid- 
water solvent. The activity of this material 
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parallels the mast cell content in a manner 
similar to that previously shown for hista- 
mine(9). 

The concentration of 5-hydroxytryptamine 
in the mast cells of the subcutaneous areolar 
tissue of the rat was computed from estimates 
of 5-hydroxytryptamine on homogenates of 
areolar tissue and measurements by the 
method of Chalkley(10) of the relative mast 
cell volume. By this means, a value of 0.72 
pg 5-hydroxytryptamine per mm? of sub- 
cutaneous mast cells was obtained. 

The evidence given demonstrates the pres- 
ence of 5-hydroxytryptamine in the mast cells 
of the rat. We have found that this material 
has physiological activity when released by 
those agents which produce mast cell dam- 
age(11). 

The presence and quantity of histamine and 
heparin in the isolated concentrated mast cells 
has been demonstrated using similar technics 
(12). The amount of histamine was esti- 
mated to be 10 »g/mm?* and of heparin 30 
pg/mm’, 

Definitive evidence of the presence of 5- 
hydroxytryptamine in mast cells along with 
histamine and heparin is important for several 
reasons: it emphasizes the significance of these 
cells as participants in the reaction to injury; 
it provides further evidence for a relationship 
between mast cells and blood platelets(13) ; 
finally, a connection is established between 
mast cells and the cells of the enterochrom- 
affin system and with certain, as yet unidenti- 
fied cells in the central nervous system since 
both of these, as well as the blood platelets, 
are now known to contain 5-hydroxytrypta- 
mine(14,6,15). 

Summary. 5-Hydroxytryptamine as well as 


5-HyDROXYTRYPTAMINE IN Mast CELLS 


histamine and heparin was demonstrated to 
be present in purified mast cells from the peri- 
toneal washings of rats. The material was 
identified by bioassay and chromatography. 
The concentration of 5-hydroxytryptamine 
found in isolated mast cells agreed with that 
found by indirect means in the mast cells of 
the subcutaneous areolar tissue of rats. Im- 
plications of this finding are briefly discussed. 
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Species Differences in Serum Glycoproteins of Man, Dog and Rabbit, by 


Paper Electrophoresis.* 


(22017) 


EzRA SouHar, ELAINE T. Bossak, AND DAviID ADLERSBERG. 


From Departments of Medicine and Chemistry, Mount Sinai Hospital, New York City. 


Paper electrophoresis provides a_ simple 
technic for the identification of serum pro- 
teins and stainable components bound to 
serum proteins. By application of the periodic 
acid-Schiff method for histochemical identi- 
fication of various carbohydrate substances, 
Koiw and Gronwall first adapted this technic 
for the study of serum glycoproteins(1). The 
purpose of the present study was to establish 
a quantitative pattern of these components 
and their distribution in relation to serum 
proteins in normal human serum and in plas- 
ma from dogs and rabbits. 

Procedure. Paper electrophoresis was per- 
formed according to a method described else- 
where(2,3). Filter paper strips were run in 
parallel for subsequent determination of pro- 
teins and glycoproteins. For the latter, .040 
cc of human serum and rabbit plasma were 
employed, and .060 cc of dog plasma. In 
certain instances a third strip was added for 
determination of lipoproteins (Oil-red-0 
stain). The staining procedure employed for 
glycoproteins differed from that of Koiw and 
Gronwall in several steps. In preparation of 
the fuchsin sulfite (Schiff’s reagent) 15 to 20 
ml of concentrated hydrochloric acid rather 
than dilute acid were added as a final step. 
The paper strips were immersed in this solu- 
tion under constant shaking for time periods 
varying usually between 10-15 minutes. The 
staining was continued until clear visibility 
of the purple bands was obtained without 
coloring of the background. The densito- 
metric evaluation of the strips was performed 
immediately afterwards because of their ten- 
dency to darken after drying(4). The orig- 
inal color of the strips can be restored by 
brief immersion in the “sulfite rinse.” Indi- 
vidual determinations were performed on 
serum from 9 normal human beings, six men 
and three women, ages 15 to 55 years, and 


* This study was supported in part by research 
grants H-564 and H-982 from the National Institutes 
of Health, U. S. Public Health Service. 


clinically free of disease. Heparinized plasma 
from 6 normal male mongrel dogs and 8 nor- 
mal male chinchilla rabbits were included in 
the study. The strips of human serum or 
animal plasma stained for glycoprotein (gly- 
cidograms) revealed 3 main components mi- 
grating with the mobility of alpha-1, alpha-2 
and beta globulins. These appeared as dis- 
tinct bands on the paper strips. The densi- 
tometric curves were readily separated into 
these 3 components. Gamma globulin was in 
our experience devoid of carbohydrate-stain- 
ing material. Only faint amounts of material 
stained in the region of albumin; this fraction 
was therefore not included in evaluating the 
normal distribution pattern of the glycopro- 
teins. Around the line of application of the 
serum a small amount of stainable material 
was usually visible which probably represents 
stainable substances adsorbed at the point of 
origin which showed no migration in the elec- 
trical field (0-fraction). Accordingly, the pat- 
terns were standardized only for the above- 
mentioned main components; alpha-1, alpha- 
2 and beta glycoproteins. Rough correlation 
was also observed in man between the total 
area of glycoprotein stained, measured by the 
planimeter, and the levels of total serum 
polysaccharide or hexosamine determined 
chemically.t This was noted despite the ob- 
servation that different glycols may vary in 
their affinity for periodic acid(5,6). Even 
after filter paper strips had darkened on 
standing, densitometric evaluation after re- 
immersion in the “sulfite rinse” yielded curves 
and planimetric values identical to those ob- 
tained on initial examination. With strict ad: 
herence to this principle and with careful 
technic the method was found to be reproduc- 
ible. 

Results. In normal human serum the alpha- 
2 fraction was the largest (approximately 


+ We wish to thank Dr. Ezra Greenspan and Dr. 
Arthur Ludwig and their technical staff for these de- 
terminations. 
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TABLE I. Glycoprotein Distribution in Various 


Species. 


% of total stainable carbohydrate 


Species Alpha-l Alpha-2 Beta 
Man 32.5 39.8 27.6 
24.6 41.1 34,2 
26.8 40.6 32.4 
33.9 39.7 26.4 
Qouw 47.4 29.4 
Oued 35.0 DoEO 
29.0 42.0 29.0 
31.4 42.9 25.7 
26.0 46.0 28.0 

Mean 28.8 3- 3.8 41.6 + 3.6 29.6 + 3.1 
Dog aoe 54.5 22.0 
27.0 Deep 20.5 
20.0 62.5 17.0 
21.0 52.9 26.5 
19.0 63.0 18.0 
29.0 o1.5 19.5 

Mean Zorg == 0) JO, == Do) 20:0 S23. 
teabbit 92.5 7.8 
$3.0 17.0 
85.0 15.0 
86.5 TE 15) 
90.0 10,0 
80.0 20.0) 
82.0 18.0 
89.0 EO 

Mean 86.0 + 4.3 14.0 + 4.3% 


* Statistical significance of differences of mean 
values for beta-glycoprotein: Man ys. dog, p= 
.002; man vs. rabbit, p= <.0001. 


40%), while alpha-1 and beta were approxi- 
mately equal, 30% each (Table I). In dogs, 
three glycoprotein bands were again identi- 
fied; alpha-2 glycoprotein migrated some- 
what more rapidly and was thereby closer in 
position to alpha-1 glycoprotein than in hu- 
man serum (Fig. 1). The total quantity of 
stainable carbohydrate was less, necessitating 
the application of more plasma for a visible 
pattern (see procedure). Alpha-2 glycopro- 
tein again was the main component, account- 
ing, however, for even a greater percentage 
of the total stainable carbohydrate than in 
man (approximately 56%); alpha-1 and beta 
glycoprotein were present in about equal 
amounts but in lower proportion than in hu- 
man serum (Table I). In rabbits, separation 
of alpha-1 and alpha-2 glycoprotein was not 
possible in many instances and, therefore, a 
single alpha-glycoprotein component was 
measured planimetrically. It was the major 
plasma glycoprotein component (approxi- 
mately 86%) (Table I, Fig. 1). Beta glyco- 
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protein was in this species considerably lower 
than in the other two. 

No alteration of the normal plasma glyco- 
protein pattern of the rabbit was noted in 6 
animals treated with corticosteroids [predni- 
sone (A,-Dehydrocortisone), cortisone, hy- 
drocortisone| for 3-5 weeks nor in 3 rabbits 
in which hypercholesteremia had been in- 
duced.+ In man, in several instances of mul- 
tiple myeloma and liver disease a gamma 
glycoprotein band appeared in addition to the 
usual components and could be clearly sep- 
arated from the 0-fraction. 

Discussion. In this study a quantitative 
pattern of glycoprotein distribution in the 
serum (plasma) of man, rabbit and dog has 
been established by paper electrophoresis. To 
our knowledge, no previous report of such 
a study is available. Other investigators(1, 
4,7-9) have reported qualitative patterns of 
serum glycoproteins in normal man and in 
various disease states(1,4). Some of these 
patterns differed from those obtained in this 
study in that a gamma-glycoprotein was de- 
scribed in normal serum. The carbohydrate- 
staining fraction with slowest mobility (or 
perhaps no mobility) in our experience cor- 
responded to that material adsorbed at the 
point of application of the serum (0-fraction). 
It did not move with the gamma globulin 
which under our experimental conditions mi- 
grated “‘backwards,” i.e., toward the cathode. 
In certain pathological states, however, a 
“true” gamma _ glycoprotein has been ob- 
served by others(1,4,7-9) and by ourselves. 
In all reports except that of KGiw and Gron- 
wall, alpha-2 glycoprotein was the major com- 
ponent of the serum; in their graph, the 
largest glycoprotein peak was alpha-1. 

The species examined showed distinctive 
patterns of glycoprotein distribution in a sim- 
ilar fashion to the species-specific protein and 
lipoprotein patterns described previously (2,3, 
10,11). The glycoprotein distribution in man 
differed in a statistically significant manner 
from that obtained in dog and rabbit, with 
most marked divergence between man and 
rabbit. Previous examination of lipoproteins 
revealed a similar distribution pattern in man 


+ We are obliged to Dr. Chun-I Wang for providing 
these animals. 
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FIG. 1, Protein and glycoprotein electropherogramis in man, dog and rabbit. On left are curves 

obtained by densitometric evaluation, on right are stained paper strips. P = Paper strip stained 

with amidoschwarz for protein. G = Paper strip stained with PAS for carbohydrate. Arrow in 

graphs and ruled line on paper strip represent the point of application of the serum (plasma). 
For details, see text. 


and rabbit with regard to alpha and beta lipo- 
protein whereas in the dog the pattern was 
reversed. Thus, while species variations in 
these plasma components exist, they are not 
of parallel magnitude. Establishment of such 
normal patterns permits more detailed char- 
acterization of alterations in pathological 
states. 

The technic of paper electrophoresis and 
subsequent periodic acid-Schiff stain did not 
yield values for distribution of serum glyco- 
proteins comparable to those obtained by 
chemical analysis of plasma protein fractions 
(Cohn). The two procedures differed mark- 
edly and some discrepancy in results was not 
surprising; e.g., alpha-1 glycoprotein ap- 
peared to be lower with the Cohn-fractiona- 
tion technic. In addition, the analytical re- 


sults of Cohn fractions differed with the au- 
thor(12,13). 

Summary. (1) By means of paper electro- 
phoresis and subsequent carbohydrate stain- 
ing by the periodic acid-Schiff method, quan- 
titative evaluation of species glycoprotein pat- 
terns were established for man, dog and rab- 
bit. (2) This procedure provides a simple. 
reproducible method for the quantitative 
study of serum glycoproteins which may be 
correlated with simultaneous determination 
of proteins and lipoproteins. (3) Carbohy- 
drate was bound to alpha-1, alpha-2 and beta- 
globulins, with the major portion correspond- 
ing to the alpha globulins. Gamma glycopro- 
tein was absent in normal serum in man. 
(4) No alterations were observed in rabbits 
after administration of adrenal cortical ster- 
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oids nor in experimentally-induced hypercho- 
lesteremia. 


1. Koiw, E., and Gronwall, A., Scand. J. Clin. and 
Lab. Invest., 1952, v4, 245. 

2. Bossak, E. T., Wang, C. I., and Adlersberg, D., 
Proc. Soc. Exp. Brox. AND Mep., 1954, v87, 637. 

3. Adlersberg, D., Bossak, E. T., Sher, I. H., and 
Sobotka, H., Clin. Chemistry, 1955, v1, 18. 

4. Rice, W. G., J. Lab. and Clin. Med., 1954, v44, 
544, 

5. Jeanloz, K., Sczence, 1950, v111, 289. 

6. Gomori, G., Am. J. Clin. Path., 1952, v22, 277. 

7. Osserman, E. F., and Lawlor, D. P., Science, 
1954, v120, 715. 


SPECIES SPECIFIC ELECTROPHORETIC GLYCOPROTEIN PATTERNS 


8. Sachs, B. A.,-Cady, P:; and Ross, G:, Amo 
Med., 1954, v17, 663. 

9. Kuhns, W. J., J. Exp. Med., 1954, v100, 485. 

10. Bossak, E. T., Wang, C. I., and Adlersberg, D., 
Proc. Soc. Exp. Broy. AND Mep., 1955, v88, 634. 

11. Bossak, E. T., Wang, C. I., and Adlersberg, D., 
J. Clin. Endo. and Metab., in press. 

12. Seibert, F. B., Pfaff, M. L., and Seibert, M. V., 
Arch. Biochem., 1948, v18, 278. 

13. Lever, W. F., and Hurley, N. A., The Plasma 
Glycoproteins and Lipoproteins in Blood Cells, and 
Plasma Proteins, edited by James L. Tullis. 


Received September 16, 1955. P.S.E.B.M., 1955, v90. 


ERRATUM 
In Vol. 88, 1955, article on rapid virulence test in diphtheria, page 369, 


line 8, 0.0045% should read 0.033%. 


